Knowledge Management and Environmental Management. by Miles, Leon Anthony.
KNOWLEDGE MANAGEMENT AND ENVIRONMENTAL MANAGEMENT
Portfolio submitted in partial fulfilment of the requirements for the degree of 
Engineering Doctorate in Environmental Technology
Leon Anthony Miles
University of Surrey and HR Wallingford
Supervisors: Professor Khurshid Ahmad and Mr Nicholas Odd
December 2000
ProQuest Number: 27693961
All rights reserved
INFORMATION TO ALL USERS 
The qua lity  of this reproduction  is d e p e n d e n t upon the qua lity  of the copy subm itted.
In the unlikely e ve n t that the au tho r did not send a co m p le te  m anuscrip t 
and there are missing pages, these will be no ted . Also, if m ateria l had to be rem oved,
a no te  will ind ica te  the de le tion .
uest
ProQuest 27693961
Published by ProQuest LLO (2019). C opyrigh t of the Dissertation is held by the Author.
All rights reserved.
This work is protected aga inst unauthorized copying under Title 17, United States C o de
M icroform  Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 4 81 06 - 1346
ABSTRACT
Those involved in the management of the aquatic environment use computer-based decision support 
systems (DSS) to deal with the complex, open, unstructured problems they typically face. There is 
increasing recognition that these DSS need to deal with knowledge, whether that used by experienced 
managers to select the relevant data, information and experience needed to make a decision, or that 
held by those with a stake in the management in the aquatic environment. In order to study how the 
knowledge of the domain might be managed, we focus upon the sub-domain of urban wastewater 
management (UWM). Specifically, we look at the knowledge used to interpret frameworks and 
guidelines for the planning of infrastructure for UWM.
Case studies involving interviews with domain practitioners are presented, and a corpus and 
computational linguistics based approach to the analysis of the resulting verbal reports is described. 
The link between knowledge and language is central, and here we present evidence that those in the 
domain use a special language which exhibits structure. This structure can be exploited to enable the 
language to be operated upon and analysed by computer programs, and is therefore of significance for 
knowledge management. We have shown how knowledge, in a restricted sense, can automatically be 
extracted from text and disseminated across the Internet to planners, policy makers and other 
stakeholders.
Our analysis has revealed emergent knowledge - that which is complementary to and useful in the 
interpretation of repositories of knowledge - held by stakeholders in Kingston, Jamaica. In that this 
emergent knowledge was discovered by comparing and contrasting verbal reports with specialist texts 
deemed to be representative of the documented knowledge of the domain, it provides evidence to 
support the continued development of the method described. Though presently labour intensive, the 
ever-increasing availability of texts in digital form and even developments in speech processing 
suggest that the method may eventually be further automated. That this method for the management of 
knowledge will facilitate knowledge creation, founded on a cycle of extemalization, socialization, 
combination and internalization of knowledge, is a possibility. It may, therefore, contribute to the 
development of concepts and technologies which will enable the sustainable management of the 
aquatic environment to proceed.
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GUIDE TO THE PORTFOLIO
This portfolio is to be considered as partial fulfilment of the degree of Doctor of Engineering (EngD) in 
Environmental Technology. It contains an executive summary, a thesis and an appendix. The 
executive summary can be read in isolation, or as an introductory chapter to the subsequent thesis. The 
two documents taken together summarise the contents of preceding progress reports, conference papers 
and all other work to date, and are considered to demonstrate the contribution to knowledge of this 
research project.
The portfolio also contains Appendices A, B, C and D. Appendices A and B contain the verbal reports 
collected during the course of the research project and referred to throughout the executive summary 
and the thesis. It is a requirement of the EngD programme that progress reports are submitted at six 
monthly intervals to the project portfolio and that these are included in this final submission. These 
progress reports, gathered in Appendix C, are referred to occasionally throughout the accompanying 
thesis, and may be of interest to a reader who wishes to understand how the work has progressed. 
However, it will not generally be necessary to refer to these reports. The information which we 
consider to demonstrate the contribution of this work has been presented in the executive summary and 
the thesis.
Appendix D contains two papers produced during the course of the research. The first of these is a 
paper presented to the Second International Multiple Objective Decision Support Systems (MODSS) 
conference in August 1999. This paper, entitled, “Decision making and the management of strategic 
resources: Information flow between stakeholders” and written with Professor Khurshid Ahmad, has 
since been reviewed and accepted for publication in the conference proceedings. The paper has also 
been recognised by the reviewers as ‘superior’, and recommended for publication in the Journal of 
Environmental Modelling and Software. The paper and the accompanying reviewers’ summary sheet 
are included in Appendix Dl. It should be noted, however, that the paper’s content has since been 
further elaborated and that this work has been summarised in the attached thesis.
A second paper has been submitted to the Journal of Hydroinformatics. Entitled, “Linguistic resources 
for building knowledge bases” and again written with Professor Khurshid Ahmad, this is currently 
being reviewed. The paper is included in Appendix D2. Again, its content has been covered in the 
attached thesis.
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EXECUTIVE SUMMARY AND THESIS
Executive summary: Knowledge management and environmental management
1.1 Background: Developments in urban environmental management
At some point during the next decade, for the first time ever, the majority of the world’s population 
will live in urban areas. Though the populations of cities of the industrialised world like London, Paris, 
New York and Tokyo are expected to remain fairly stable, rapid rates of urbanisation in the developing 
world mean that the populations of cities like Bangkok, Calcutta and Mexico City will continue to rise. 
Before long, these more notorious urban areas will be matched for size by rapidly expanding cities 
elsewhere. By 2030, it is expected that Lagos will be the biggest city in the World.
Throughout the last 200 years or so, urbanisation has typically been driven by the same phenomenon. 
At the time of the Industrial Revolution in Britain, people migrated to urban areas to find employment 
in the new manufacturing industries. Today, though many manufacturing industries in the countries of 
the industrialised world are in decline, consumption of material goods within these countries continues 
to grow unabated. In today’s global economy, the cities of the developing world are important 
manufacturing centres and provide many of those goods consumed. The prospect of employment is no 
less a spur now than it was two centuries ago, and economic migration to these cities accounts for 
much of the urbanisation occurring at present.
From 19* century London to 2F‘ century Lagos, urban growth has created pressures on the natural 
environment. Industrial processes have released pollutants to the atmosphere and to watercourses, and 
crowded living conditions in low income areas, often with inadequate sanitation facilities, have led to 
the degradation of the immediate environment (and consequently, the health) of many urban dwellers. 
Nowhere is the link between environmental quality and public health more apparent than in rapidly 
growing cities.
From the sanitary reforms which followed devastating cholera epidemics via the appointment of a 
Royal Commission on Rivers Pollution some decades later to measures to protect the quality of bathing 
waters today, the UK is typical in that the focus of urban environmental management has shifted 
throughout history from one issue to another, according to the priorities of the public and to the 
scientific understanding of the time. Planners and civil engineers have been responsible for 
implementing different regulatory and legislative measures throughout, and a body of experience has 
been built up. Professional bodies have been set up, textbooks and journal articles published and 
university courses taught, and the knowledge of the domain has become firmly established and 
documented. A study of the archives of the Institute of Civil Engineers’ library in London reveals how 
the shifting focus described has been reflected by the language used in the documented knowledge of 
the domain. To give an example, in the sub-domain of urban wastewater management (UWM), the 
first priority was the drainage of wastewater from dwellings. Only later, when the relationship between
disease and polluted water became apparent were open drains replaced by sewers. Public health 
became the focus of UWM, and sewer networks were Constructed. These networks discharged 
wastewater to rivers and coastal waters, and as the detrimental effect of these discharges became 
apparent, the impact upon the environment became the key issue upon which those in UWM were 
focused. In the last decade the sustainability of systems for UWM has been given more consideration, 
though it has yet to become the main focus (see Figure 1.1).
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Figure 1.1 Use of language relating to UWM since 1700, 
reflecting how the focus of the domain has changed
Many of the problems of managing the aquatic environment now being encountered in the cities of the 
developing world resemble those faced in the industrialised world during earlier periods of rapid 
urbanisation. Poor sanitary conditions in low-income areas, water supplies of variable quality and 
polluted rivers are nothing new, and attempts have been made to apply the knowledge which has been 
accumulated to the cities of the developing world. However, there are some key differences - the high 
proportion of housing which is informal or unplanned, the existence of water related diseases which are 
most prevalent in the Tropics, and the limited funding available for mfrastructure development are just 
some examples - which mean that the extant knowledge of the domain has to be interpreted before it 
can be re-applied.
Guidelines and frameworks have been devised specifically to allow extant knowledge of the 
management of the aquatic environment to be applied to the urban areas of developing countries. The 
authors of these frameworks have typically interpreted that knowledge in order for it to be ‘applicable 
to all developing countries’. Because each city is different, however, it is necessary for such 
frameworks to be interpreted again. For us, it is those who are most familiar with a city who are best 
placed to do so. The planners, engineers, government officials, utility managers, representatives of
professional bodies, international agencies, non-governmental organisations (NGO’s) and community 
based organisations (CBO’s) who have a stake in the aquatic environment hold the key to its ongoing 
management. It is through the involvement of these stakeholders that the sustainable management of 
the aquatic environment will come about.
Sustainable development was defined in 1987 by the World Commission on Environment and 
Development (in what is popularly referred to as the Brundtland Report) as ‘meeting the needs of the 
present without compromising the ability of future generations to meet their own needs’, and has since 
been interpreted by many to mean that environmental, economic and social sustainability should be 
pursued in parallel. Though discussion of sustainability has as its root concern for the effects upon the 
natural environment of the massive inequalities which exist on a global scale, the need for equality and 
for the representation of different stakeholders at a local scale is also of importance. The notion of 
inter-generational equity has become popular, though intra-generational equity was considered to be 
as important by the Brundtland Commission, and participatory decision rnaking and open governance 
are important facets of sustainable development. Governance here is held to be the relationship 
between government, state agencies, communities and social groups.
1.2 Objective: Managing knowledge to facilitate environmental management
The objective of this research is to present a method for the collection, analysis, reformatting and 
further dissemination -  or the management - of the knowledge used by the various stakeholders 
involved in the management of the aquatic environment. Knowledge of a specialism comprises 
documented knowledge and experiential knowledge. It is the systematic collation of documented 
knowledge and the documentation of experiential knowledge which is of issue for us. Collation 
involves building document collections in which individual documents may be related to one other. 
Typically, this cross-referencing is carried out manually, but there are computer based techniques to 
facilitate the process. The documentation of experiential knowledge, too, has on the whole been 
carried out manually, though research into automatic knowledge acquisition is taking place. Here we 
present a method which combines psychological interviewing techniques with techniques from corpus 
and computational linguistics, for the partially automated acquisition of knowledge from stakeholders 
and for its documentation in the form of marked-up texts. Because these marked-up texts can be 
navigated easily across electronic networks such as the Internet (and associated intranets) and 
distributed alongside the extant knowledge of the domain, this method will support the dissemination 
of knowledge between stakeholders in the management of the aquatic environment.
Recognition of the need for knowledge management, and especially for knowledge dissemination, in 
the management of the aquatic environment has become tangible recently with the setting up of the 
Streams of Knowledge initiative. An electronic conference on Resource Centres and Knowledge 
Sharing was held between March 15* and April 21®‘ 2000, under the premise that ‘being informed of 
others' experiences through a collective memory bank and knowledge base will facilitate decision­
making and prevent organisations making the same mistakes that others have made’. Though the 
majority of discussion was concerned with local resource centres, the fact that the conference was held 
online was indicative of a change in thinking, whereby the Internet was accepted as a means of 
disseminating the knowledge of the domain. This change has come about during the course of this 
project, and our early assertion that a DSS which enabled a user to connect to the Internet and allowed 
access to ‘external reserves of documentation and information’ would be valuable (see Appendix 
Cl :35) now appears to be a more widely held view.
We began this executive summary with an indication of how changes in the language of a domain can 
be seen to be representative of changes in the knowledge of that domain. As the knowledge of the 
domain of UWM has developed and has been documented and disseminated, and the focus has shifted 
from drainage to public health to environmental protection, the concepts adhered to and the 
technologies employed have changed accordingly. A discussion with Professor Barry Lloyd of the 
Centre for Environmental Health Engineering at the University of Surrey clarified this pattern of 
knowledge development. The focus of UWM in its very early beginnings was drainage, and as open 
drains came to be seen as a nuisance, shifted to aesthetics. Open drains were covered to create sewers, 
and as design standards for sewers were introduced, sewerage networks gradually evolved. At around 
the same time that Joseph Bazalgette was commissioned to design a first comprehensive plan of the 
‘Main Drainage for London’ in 1852, John Snow linked the incidence of cholera to contaminated water 
and in the following decade Louis Pasteur proposed his germ theory. As this was gradually accepted, 
the need for UWM to protect public health was realised, and the widespread construction of sewerage 
networks began.
For a time, while sewerage networks were discharging untreated wastewater into rivers and coastal 
waters, the dilution of wastewater was thought to offer sufficient protection to ecosystems and to the 
aquatic environment. However, incidents such as the closure of the Houses of Parliament due to the 
condition of the Thames led to the setting up of a Royal Commission on Rivers Pollution in 1866, and 
environmental protection gradually became a key objective of UWM. Some form of treatment began 
to be applied to the wastewater before it was allowed to re-enter the aquatic environment, and 
successive developments in technology were fuelled by the discovery of new concepts. A study of how 
the knowledge of (aerobic) biological treatment processes has developed is illustrative.
As the concept of pollution came to the fore, early attempts at wastewater treatment involving land 
filtration were made. More success was had with the intermittent application of wastewater, and when 
the concept of microbial nutrition was discovered in the 1890’s the reason became clear. Trickling 
filters and contact beds prevailed until the possibilities of suspended growth came to be recognised and 
the activated sludge process began to widely adopted in the early decades of the 20* century. This
i
process is still widely used today. In the last decade or so, the concept of microbial separation using 
membrane filtration has been explored and membrane bioreactors have been produced, though these 
have yet to be used at a practical scale (see Figure 1.2).
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Fig 1.2 The development of knowledge in the domain of UWM
There are parallels between the patterns identified in the development of the knowledge of the domain 
of UWM and Nonaka’s (1994) ‘spiral of organisational knowledge creation’. Knowledge is said to be 
created by one of four processes. Tacit knowledge (that is, understood or implied without being stated) 
becomes explicit through extemalization while explicit knowledge becomes tacit through 
internalization. Tacit knowledge held by one individual can be learnt by another individual through 
shared experience, or socialization. Finally, through the combination of different bodies of explicit 
knowledge and their ‘sorting, adding, recategorising and recontextualising’ new explicit knowledge can 
be created. For Nonaka, though the taeit knowledge held by individuals is central to the knowledge 
creation process, for that knowledge to be used practically it must be externalised and amplified by a 
mixture of these four modes of knowledge creation (see Figure 1.3).
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Figure 1.3 Spiral of organizational knowledge creation (from Nonaka, 1994)
The interactions between tacit and explicit knowledge are said to increase as more actors become 
involved, hence the spiral of knowledge creation from the individual to the group level and on through 
the organisational to the inter-organisational level. One can imagine how the knowledge of the domain 
of UWM might have developed as more and more actors from different sub-domains including doctors, 
microbiologists and ecologists became involved. Still today, and perhaps more than in the business 
world to which Nonaka’s model applies, the interaction between stakeholder organisations of different 
specialisations is essential to the management of the aquatic environment, and so inter-organisational 
knowledge creation has increased significance. The processes of combination, socialization, 
extemalization and internalization for the creation of knowledge were all important in bringing about 
the historical changes described: changes which ultimately led to improvements in public health and in 
environmental quality. As sustainability becomes the focus of systems for UWM, we believe that 
methods, tools and techniques to enable better knowledge management throughout the domain will 
facilitate these processes and will therefore enable knowledge of concepts and (clean) technologies 
which may be employed in pursuit of sustainability to develop.
Clean technology is defined by Clift (1995) as a means of providing a human benefit which overall, 
uses less resources and cause less environmental damage than alternative means with which it is 
economically competitive, and is inherently to do with the pursuit of sustainability. Though seldom 
discussed in the context of clean technology, the management of the aquatic environment employs 
infrastructure which is consumptive of energy and materials and which influences the quality of the 
environment, and as such is clean technology issue.
It is, in fact, through a process of internalization, combination, socialization and extemalization that the 
concept of clean technology itself has come to be embodied for the first time in a European 
Commission (EC) policy document. The author’s understanding of the concept, garnered fi’om the
existing literature and documented in a progress report, was adopted by colleagues at HR Wallingford 
and was subsequently included in the EC’s (1998) guidelines for water resources management in 
developing countries (cf. Appendix Cl:9, EC, 1998:211). For us, improved knowledge management 
will facilitate this kind of change, and it is through enabling knowledge management that the 
sustainable management of the aquatic environment will be facilitated.
1.3 Method: How this research has proceeded and the main findings
Given the ubiquitous rise of the Internet, the collation, analysis and dissemination of knowledge can be 
undertaken, at least in a logistic sense, much more easily across geographical boundaries. In order to 
harness this world-wide information system to support environmental management, for example, it is 
important to have a method, and tools for its implementation, in place and accessible. In this document 
a method is presented which comprises psychological techniques for documenting experiential 
knowledge, the so-called verbal reporting protocols, and also the linguistic analysis of specialist texts. 
Typical mark-up programs have been used to create a website where experiential knowledge is made 
available to all stakeholders alongside the extant knowledge of the domain. This method depends on 
humans’ ability to report their experiences verbally and on the ability of computer systems to analyse 
natural language texts. Below we describe how this particular method was arrived at.
The work has been carried out through collaboration between HR Wallingford and the University of 
Surrey, and because HR Wallingford had specified a decision support system (DSS) to be applied to 
the management of the aquatic environment, our research began with a study of the available DSS in 
the domain. At that time, during the first year of the project, the development of a knowledge based 
system (KBS) able to deal with uncertainty in the design and rehabilitation of sewerage networks was 
envisaged, and a prototype DSS was developed accordingly. This prototype was hypertext based and 
integrated a rule based system for the ecological classification of rivers with a geographical 
information system (GIS), and a fuzzy logic based model for the estimation of wastewater 
characteristics. Investigations into probabilistic modelling were also carried out. This system is 
described in Appendix C2.
Study of the relationship between clean technology and UWM, as a mandatory requirement of the 
EngD in Environmental Technology programme, led us to look closely at the potential for systems of 
infrastructure for UWM to be made more sustainable. It became clear that although efficiencies could 
be introduced to individual treatment processes, perhaps more significant changes could be introduced 
at the planning stage. Clean technology, in the context of UWM, seemed to be about reducing the 
distances over which wastewater is transported and about re-using and recycling specific waste 
streams. The outcome was a realisation that our domain of interest -  the planning of UWM - rather 
than being confined to a relatively small closed-world problem to which a conventional KBS might be 
applied, dealt with complex, open, unstructured problems.
At the planning level, different sub-domains of knowledge are referred to, different specialists are 
consulted, and information from different sources is synthesised and interpreted. Our review of the 
DSS applied at this level also made it clear that a means to represent the interests of stakeholders would 
be of value. We concluded that a methodology for the acquisition, reformatting and dissemination -  
that is, the management - of knowledge, whether documented, held by expert planners and policy 
makers or by other stakeholders, would be of value to the developers of DSS in the domain. Our 
attentions had shifted from the development of a generally applicable KBS to a generally applicable 
method for knowledge management.
A desk study of the available guidelines for UWM planning in developing countries, our specific area 
of interest, was carried out and revealed that such frameworks are typically designed to be ‘applicable 
to all developing countries’. It became apparent that the knowledge of how to interpret such 
frameworks would be of use throughout the domain, and that there was a need for it to be acquired 
from experienced individuals and more widely disseminated. As such, that it could provide a 
demonstration of how other aspects of the knowledge of the domain might similarly be managed.
In order to explore the acquisition of knowledge of how to interpret frameworks from individuals 
within the domain of UWM, two pilot studies were carried out. These involved interviews with 12 
domain practitioners of different professional backgrounds and from several different countries. The 
interviews were carried out in the UK and the Netherlands, and were recorded in order to generate 
verbal reports for further analysis. The findings of these two pilot studies were that i) in broad 
domains such as those concerned with the management of the aquatic environment, knowledge is 
socially situated and is effectively distributed amongst the stakeholders, and that ii) knowledge in these 
domains is also geographically situated in that frameworks have to be interpreted according to the 
context in which they are being applied, each time they are applied. These findings shaped our main 
case study. We decided that in order to investigate the management of the knowledge of the domain, it 
would be necessary to acquire knowledge from across the range of stakeholders within a single city. 
Furthermore, that because any method developed would invariably be applied to larger cities than those 
studied, with more complex problems affecting more stakeholders, the potential for it to be automated 
ought to be explored.
Our main case study involved interviews with 18 domain practitioners in Kingston, Jamaica. These 
interviews were arranged through the Office of the Prime Minister of Jamaica, and involved 
stakeholders from across the city: ranging from senior government officials to managers of the 
national water and sewerage utility, the National Water Conunission; from the head of the national 
Water Resources Authority to the deputy of the Natural Resources Conservation Authority; and from 
the representatives of NGO’s to those at the European Commission.
The verbal reports resulting from these case studies were gathered alongside a collection of texts of the 
domain into two corpora, referred to as the transcript corpus and the mother corpus respectively. 
These corpora have been analysed and compared using computer programs and have been found to 
exhibit linguistic structure. This structure is common to the texts of many scientific and technical 
domains. Special language, which because it contains structure can be operated upon and analysed by 
computer programs, is said to be used. The knowledge encoded in these structures can, in a restricted 
sense, be automatically identified and marked-up. The fact that we have found those in UWM to use a 
special language, therefore, is of significance for knowledge management and indicates that automation 
may be a possibility. The point is elaborated throughout the remainder of this document.
The verbal reports collected have been made available across the Internet through a prototype web- 
based DSS based upon the EC’s (1998) framework, ‘Towards sustainable water resources 
management: Guidelines for water resources development co-operation’. The methodology used to 
mark-up documents was evaluated recently by 24 experienced engineers at the International Centre for 
Infrastructure, Hydraulics and Environment in Delft, the Netherlands. The response was largely 
supportive of our approach to knowledge management in the domain, suggesting that the dissemination 
of knowledge through ‘knowledge-rich’ documents would be of use to planners and policy makers.
The findings from our main case study in Kingston, Jamaica have also been analysed by hand, and 
have been discussed in relation to two key framework documents considered to be representative of the 
extant knowledge of the domain of UWM planning in developing countries; the checklist presented by 
Parr and Horan (1994) for the selection of sustainable wastewater treatment processes and the 
aforementioned guidelines published by the EC (1998). These findings have subsequently been 
assessed in the light of more recent work in the domain from Tayler, Colin and Parkinson (2000) which 
has emphasised the need for sharing of information and knowledge in planning municipal sanitation. 
The role for DSS and for knowledge management in developing countries was also evaluated with 
particular reference to the work of the UN’s Commission on Science and Technology for Development, 
described by Mansell and Wehn (1998). Briefly, their findings support our method for knowledge 
management, indicating that despite problems relating to exclusion, information and communication 
technologies (ICT) can make a significant contribution to sustainable development world-wide.
1.4 Conclusions: Brief summary
The conclusions we have drawn, as a result of the research described and the findings set out in the 
preceding section, are as follows:
In the DSS which have been applied to the management of the aquatic environment, a common 
requirement is the need for the knowledge of the domain to be managed. In the first place, to 
encapsulate the knowledge held by experienced users of DSS so as to assist less experienced users in 
synthesising the inputs and outputs to and from these DSS. Second, to share that knowledge used by 
experienced planners, policy makers and other stakeholders to select and interpret data, information, 
knowledge and experience of relevance, frequently drawn from the knowledge of several different 
interacting disciplines. Third, to represent the knowledge of all stakeholders and to bring their interests 
to the fore in the decision making process.
Because it is reliant on the constant operation of infrastructure which is consumptive of energy and 
materials and which directly affects the quality of the aquatic environment, UWM is a clean technology 
issue. Though efficiencies can be introduced to individual wastewater treatment processes, perhaps 
greater opportunities to introduce clean technologies exist at the planning stage, where the 
decentralisation of infrastructure and the re-use and recycling of different waste streams, for example, 
can be contemplated. At this planning level, knowledge is drawn from many interacting disciplines 
and is the subject of much debate between a large number of stakeholders, each with their own set of 
interests. Here, rather than a conventional KBS, a generally applicable method for the management of 
knowledge is appropriate for the development of DSS.
Knowledge of how to manage the aquatic environment is socially, geographically and temporally 
situated, and has to be interpreted differently each time it is applied. The emergent knowledge used to 
interpret extant repositories of knowledge is distributed amongst the various stakeholders. This 
knowledge also needs to be acquired, analysed and disseminated. Because the knowledge of the domain 
has been shown to be interpreted differently each time the planning of UWM proceeds, this method needs 
to be repeatable. In addition, as cities continue to grow and the managers of the aquatic environment use 
DSS to deal with more complex problems which affect more and more stakeholders, the potential for such 
a methodology to be automated is worth exploring.
The manual analysis of the verbal reports gathered in Kingston, Jamaica has revealed emergent 
knowledge, complementary to and of use in interpreting the extant knowledge of the domain. This 
emergent knowledge includes the need for a holistic, life-cycle approach to the assessment of both 
environmental and public health impacts, the significance of informal settlements in the cities of 
developing countries, and the impact of incompatible policies being imposed by different funding 
agencies. The fact that this emergent knowledge was discovered through comparison of verbal reports
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(obtained using psychological interviewing techniques) with the extant knowledge of the domain, 
supports continued research into this method and its automation.
There is an inextricable link between knowledge and language. We have found the language used in 
the domain of UWM to be a special language, which exhibits structures that can be operated upon and 
analysed by computer programs. These structures are of significance because they suggest that the 
automation of aspects of knowledge management within the domain is a possibility.
Increased recognition of the need for information and knowledge sharing has come about recently 
amongst those in the domain, especially in planning and policy development. The importance of 
information collection and assessment including lessons from local and municipal initiatives is 
recognised, together with the need to check this information against strategic objectives and principles. 
Because we have suggested how processes such as these might be automated, we believe our 
contribution is a method to facilitate the process of planning, with potential applications in urban 
environmental management. It deals with taking difiuse, unstructured knowledge, with its analysis and 
with the identification and extraction of relevant knowledge, and then with the reformatting and 
dissemination of that knowledge. This method can be considered to contribute to knowledge 
management. If through its dissemination to the users of DSS (the planners, policy makers and other 
stakeholders) this knowledge is in some way validated and then interpreted and re-applied, then it may 
contribute to the process of knowledge creation, founded on a cycle of extemalization, socialization, 
combination and internalization.
We have made clear the importance of these processes throughout the history of the domain of UWM. 
In turn, their importance for the widespread acceptance of the concept of sustainable development and 
for the development and implementation of clean technologies by planners and policy makers both now 
and in the future has been emphasised. That the method presented for knowledge management may 
assist these processes -  especially across organisational and geographical boundaries -  is a possibility. 
This method, therefore, constitutes a novel method of improving the environmental performance of 
systems for providing services, thereby contributing to more sustainable development.
1.5 Structure of the accompanying thesis
In the second chapter of this first volume, we review a number of existing DSS and trace the move 
towards knowledge based DSS. We look at the techniques for knowledge acquisition which have been 
employed in the development of KBS and at the use of semi-automated techniques and the role of 
corpus linguistics. The application of these techniques to the development of DSS and to the ongoing 
management of knowledge for distribution amongst stakeholders is proposed. A review of the 
documented knowledge of one specific aspect of the domain -  the planning of systems of infrastructure 
for UWM in developing countries -  is provided.
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In that the main objective of this research is to present a method for knowledge management to support 
the management of the aquatic environment, Chapter Three is central to the portfolio. In it we describe 
two pilot studies conducted in order to refine our methodology, in which we use and critically evaluate 
established psychological techniques for knowledge acquisition. Our main case study in Kingston, 
Jamaica is described in the remainder of Chapter Three. Interviews carried out are described and a 
generally applicable model of the stakeholders in the decision making process is presented. 
Techniques from the field of corpus linguistics and special languages are used to show how structures 
can be discerned in the language of the domain. We describe how these structures can be operated 
upon by computer programs, and can therefore facilitate the partially automated acquisition of the 
knowledge of the domain, and the further dissemination of this knowledge between stakeholders.
In Chapter Four we describe our findings from the manual analysis of the data collected in Jamaica. 
The knowledge held by the stakeholders interviewed is presented in accordance with the format 
adopted by both Parr and Horan (1994) and the EC (1998). We highlight the knowledge which can be 
considered ‘emergent’, that is, complementary to and useful in the interpretation of the documented 
knowledge of the domain. Next, we discuss some of the most recent work in the domain and in 
particular the emphasis upon information and knowledge sharing which has arisen.
In Chapter Five of this first volume, our conclusions are presented. Briefly, the knowledge of broad 
domains such as those concerned with the management of the aquatic environment has been shown to 
be geographically, socially and temporally situated. For this reason amongst others, generally 
applicable methods for the management of knowledge are required. As such, our finding that those in 
the domain use a special language which exhibits structures that can be operated upon by computer 
programs is of significance. Future work for the knowledge engineering community may include a 
means to deal with the sometimes conflicting interests of the various stakeholders identified so as to 
achieve consensus. For now, the gathering of verbal reports containing the knowledge of stakeholders 
together through a prototype DSS has revealed emergent knowledge which in itself may contribute to 
the sustainable management of the aquatic environment.
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2 Literature review: Knowledge management and environmental management
2.1 The aquatic environment: A case for knowledge management
The management of the aquatic environment is of strategic import for human survival and sustenance. 
Knowledge related to the various facets of the aquatic environment has been collated and categorised in 
a host of related subject disciplines: Beginning with hydrography -  the study, determination, analysis 
and publication of the conditions of seas, rivers and lakes -  in the 16* century to the most recent 
development in the latter half of the 20* century, hydroinformatics -  a systematic approach to the use 
of information and communications technology (ICT) for the planning, design and operation of 
systems for managing the aquatic environment. Table 2.1 shows how knowledge related to the aquatic 
environment has evolved over the last 400 years or so. Exact dates are taken from the Oxford English 
Dictionary for those subjects which are defined therein, approximate dates for the remainder are 
derived from a study of the archives of the Institute of Civil Engineers’ library.
Discipline Concerned with...
Hydrography (1559) The study, determination, analysis and publication of the conditions of sea, riyers and 
lakes
Hydrostatics (1660) The study of fluids at rest and under pressure
Hydraulics (1671) The physical science and technology of the static and dynamic behayiour of fluids
Hydrology (1762) The study of water, including rain, snow and water on the Earth’s surface
Hydrodynamics (1779) The study of incompressible fluids and their interaction with their boundaries
Hydromechanics (1851) The study of the mechanics of fluids especially in relation to mechanical contrivances
Sewerage Engineering (ca. 1850) Deals with a) systems of sewers and b) with the remoyal of waste materials from the 
system
Sanitary Engineering (ca. 1870) The design, construction and maintenance of enyironmental facilities conduciye to 
the preseryation o f public health, such as water supply and waste disposal
Glaciology (1889) The study of glaciers and their effect on landscapes
Limnology (1893) The study of fresh water lakes
Fluid mechanics (1937) The study of fluids at rest and in motion
Fluid dynamics (ca. 1940) The study of forces exerted on fluids and the motion that results from those forces
Public Health Engineering (ca. 1950) The application of sanitary measures and monitoring of enyironmental hazards
Enyironmental Engineering (ca. 1970) Technological actiyity that works to reduce or preyent the pollution or degradation of 
areas in which humans liye
Computational Hydraulics (ca. 1980) The science of numerical modelling of hydraulic phenomena
Hydroinformatics (ca. 1990) The application of ICT to the management of the aquatic enyironment
Table 2.1 Some of the branches of science and engineering concerned with the 
aquatic environment (adapted from Price, Ahmad and Holz, 1998)
The greening of politics and of public opinion has led organisations from outside the realm of science 
and engineering to consult and in turn contribute to the extant knowledge of the aquatic environment. 
Increasing environmental awareness has led to the development of legislation for delineating the rights 
and duties of those with a stake in the aquatic environment at one end of the spectrum, and to the 
development of policies and more importantly, policy frameworks, that define how the aquatic 
environment should be best managed for the good of the largest number of these stakeholders at the 
other.
The stakeholders of the aquatic environment include engineers, financiers, lawyers and managers 
working for organisations including government agencies, water and sewerage utilities, engineering
13
organisations and international funding agencies. Perhaps the most important stakeholders are the 
people who are dependant on the sustainable management of the aquatic environment for their survival 
and for their livelihood. The population can be represented at a range of scales; as individuals, as 
households, as communities or as conurbations. All hold a stake in the aquatic environment and are 
sometimes consulted, at other times represented, by various local government or community based 
organisations (CBO’s). Non-governmental organisations (NGO’s) of various persuasions, from those 
concerned with the protection of the environment to those fighting for the rights of workers, may also 
claim a stake in the aquatic environment. In fact, sustainable development requires that environmental, 
econontic and social sustainability are pursued in parallel, and so the sustainable management of the 
aquatic environment demands that these stakeholders are represented, in the interests of social 
sustainability.
The emergence of multidisciplinary subjects (such as tropical public health engineering and 
computational hydraulics) and the involvement (and sometimes militant action) of stakeholders from 
such a broad range of backgrounds demands systematic storage of and immediate access to knowledge 
of different disciplines. Cross-referencing is crucial in this respect: planners may need to look at the 
institutional capacity of stakeholder governments at the national or municipal level, for example, whilst 
simultaneously setting up complex simulations of the water based assets in a large conurbation, a 
conurbation that has its own legislative frameworks. Indeed, policy planners criss-cross disciphnary 
boundaries with considerable dexterity. In that policies are representative of the knowledge of a 
domain, the means by which that knowledge -  drawn from various interacting disciplines as we have 
seen -  is documented and disseminated is important.
2.1.1 Dissemination: From the page to the web
Knowledge of the disciplines set out in Table 2.1 was, and in large measures still is, disseminated 
through the written text and the spoken word, though the ICT mediated domains, computational 
hydraulics and hydroinformatics, also use computer systems (by way of simulation models and by way 
of data organisation and visualisation tools) for disseminating knowledge that is essential to the 
planning, design and operation of systems for the management of the aquatic environment.
Throughout the most part of its development, the knowledge of the domain has been documented on 
paper, and has been described using natural language and scientific notation. Newton adopted Leibniz’s 
calculus in the late 17* Century to allow for the first time the application of mathematical models to the 
domain. In the latter half of the 20* Century, numerical algorithms were formulated to enable 
computer simulation models of aspects of the aquatic environment to be built, and once computers 
became commercially available these algorithms were coded by specialist developers. The 
introduction of the personal computer in the early 1980’s meant that simulation modelling techniques 
were available to engineers as well as specialist model developers for the first time. Techniques to 
present information in more user-friendly ways and to help users to run and build models began to
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feature, as did means to integrate models with other systems (see Price, Ahmad and Holz (1998) for 
details). Recent developments have seen these models run remotely across electronic networks. The 
growth of the Internet and associated intranets has important implications for the way in which the 
knowledge of the domain will be documented and disseminated in the future.
That proportion of the knowledge of the domain which is documented in natural language is 
increasingly being published in digital form and disseminated across these same electronic networks. 
We have described how planners draw from the knowledge of different disciplines. The cross- 
referencing of documents is therefore important and requires pointers to related, sometimes cross- 
disciplinary subject documents. The emergence of mark-up languages, initially for marking up texts 
for printing (SGML) and onto hyper-text mark up language (HTML) has also helped in cross- 
referencing and indexing. Marked-up texts have the potential to provide support to planners and policy 
makers by lowering the burden of interpretation which these individuals contend with. In our view, 
this burden of interpretation is reduced as text documents are first hyperlinked and then made 
interactive (see Figure 2.1). The emergence of extensible mark up language (XML) has important 
implications for the development of interactive documents (see, for example, Rabarijoana, Dieng and 
Corby, 1999).
Digital Interactive
1
.a Digital (Hyperlinks) 
*S
« Paper
a 1 1
Burden of interpretation
Figure 2.1 How the burden of interpretation relates to the medium 
through which knowledge is disseminated
2.1.2 The use of ICT by planners and policy makers
The discipline of information technology (IT) originated at the beginning of the 1970’s to cover the 
emergence of computer science, microelectronics and telecommunications. Graphics, simulation, 
artificial intelligence and neural networks are active branches of computer science which are used to 
varying degrees by those scientists, engineers, planners and policy makers concerned with the 
management of the aquatic environment. Software engineering, another branch of computer science, 
has turned simulation models into engineered products, to which graphical user interfaces, data 
visualisation tools and intelligent front-ends have been added, and so the emergence of 
hydroinformatics, represented by the systematic adoption of IT for dealing with the management of the
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aquatic environment, has come about. Latterly, as communication has become one of the most 
important functions of these technologies, the abbreviation ICT has come to be used within the context 
of hydroinformatics. There are perceptible links between hydroinformatic systems and (the more 
established) decision support systems (DSS). DSS are used by managers in many areas of business, 
science and engineering to access relevant information and to synthesise and analyse that information 
so as to formulate plans and policies, and the management of the aquatic environment is no exception.
DSS used in the past have incorporated simulation and optimisation models, databases and 
spreadsheets, rule bases and also text documents. For us, an important aspect of DSS is their ability to 
influence environmental plans and policies. Because policy makers and planners are using DSS, the 
policies, programmes and projects they conceive are representative of the knowledge upon which these 
DSS are based or to which they give access. We are interested in how DSS can be used to handle 
marked-up texts to enable planners and policy makers to move from the knowledge of one discipline to 
another, and in how knowledge of relatively new concepts like sustainable development and clean 
technology can be included. Therefore, we have studied how DSS might be populated by current 
knowledge.
2.2 Decision support systems for environmental management
2.2.1 The role of interpretation in decision support
Proponents of DSS suggest that such systems are distinguished from other computer based information 
systems because typical DSS applications involve the formulation of long range strategies and deal 
with complex ‘open systems’, that is, systems which interact with their surrounding environment. DSS 
are used for ‘semi-structured’ and ‘unstructured’ problems and rely on ‘a blend of judgement and 
modelling’ (see Turban and Aranson, 1998).
There are parallels in the field of hydroinformatics. A hydroinformatic system, according to Abbott 
(1999), allows planners, managers and engineers involved in preserving and managing the aquatic 
environment ‘to apply information technology, in the widest sense, to the problems of the [...] 
environment’. The proponents of hydroinformatics suggest that theirs is a ‘cross-disciplinary field of 
study combining technological and sociological issues [...] and including an ethical perspective’. Like 
DSS, hydroinformatic systems are used specifically for looking at semi-structured and unstructured 
problems.
Holsapple and Whinston (1996) identify a number of different types of DSS (text-oriented, database- 
oriented, spreadsheet-oriented, solver-oriented and rule-oriented). Of particular interest are the 
systems they classify as compound DSS, which involve more than one of these types. Turban and 
Aranson (1998) refer to such systems as hybrid DSS. There are perceptible links, or even synergies, 
between (hybrid) DSS and hydroinformatic systems. One of the more important links between the two.
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though not generally investigated, is the attempt to solve unstructured problems, especially those that 
rely on (human) judgement. A hybrid DSS, as typically conceived in the literature, is shown in Figure
2.2 below. For us, despite the presence of optimisation and simulation models, databases and 
knowledge bases, and though the emphasis of the work from which the figure originates is the 
integration of these elements, the key feature of this conceptual DSS is the need for inputs and outputs 
alike to be interpreted.
mathematical and 
physical models
mathematical 
programming 
knowledge bases data-bases
simulationsearch retrieveoptimisation
Interpretation
InputOutput
QuestionStimulus Water Manager
StimulusAction
OutputInput Local Water Resources System
Figure 2.2 Concept of a DSS for water resources management (from Haagsma, 1995)
For Fedra (1995), the management of the aquatic environment requires the integration of disparate 
information from numerous sources and for Haagsma (1995) the aim of a DSS is to ensure that all of 
the necessary information is accessible to decision makers. Price (1994) identifies the fact that many 
management queries do not require a computational model, but can be answered by reference to 
historic databases, legal texts, standards and guidelines, human expertise and so on. Decision making 
therefore takes place using ‘data, information, knowledge and expertise that covers a wide variety of 
different aspects quite apart from the physical aspect of the aquatic environment which is modelled’.
The key question in decision support, then, is not so much how to build large and complex models of 
the aquatic environment, though there are many challenges to be had there. Nor is it how to integrate 
these models with databases and other information systems, though again, this is an important area of 
research too. The key question is how to gather the data, information, knowledge and expertise which 
is relevant and useful to the decision making process, and how to enable decision makers to access the 
knowledge of the many interacting disciplines which contribute to the domain. Currently, managers of 
the aquatic environment manually synthesise the inputs and outputs to and from the various
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components of DSS. They also select and interpret the data, information, knowledge and experience 
they feel is relevant and useful. Throughout, complex engineering computations are accompanied by 
the ever present ‘engineering judgement’. It is these concepts of synthesis, interpretation and 
judgement to which we will return.
2.2.2 Available DSS: From simulation models to decision analysis models
A survey of the literature on the DSS which have been applied to management of the aquatic 
environment reveals a wealth of different approaches to decision support. Reviews are provided by 
Loucks and da Costa (1991) and by Watkins and McKinney (1995). It is widely acknowledged that the 
growth of hydroinformatics stemmed from advances in (computational hydraulic) modelling (see 
Abbott, 1991) and many of the DSS which have been applied to the domain have similar roots. In 
some cases, DSS have been construed of as a number of integrated models or in other cases as models 
integrated with geographic information systems (see, for example, Andreu, Caprilla and Sanchis, 
1996). Such systems, melding the solver and database-oriented frameworks, are examples of hybrid 
DSS. Sometimes, model results have been fed into environmental or economic analysis models to 
quantify environmental impacts or to estimate the costs and benefits of alternative scenarios (see, for 
example, Dunne et al, 1996; Jamieson and Fedra, 1996).
There has been growing recognition amongst the developers of these systems that decisions about the 
aquatic environment usually have to satisfy several objectives and invariably involve many different 
people and points of view. In response, techniques for taking into account non-commensurate criteria 
and for representing differing opinions are becoming more commonplace. Practitioners working on the 
development of multiple-objective decision support systems (MODSS) largely investigate the use of 
decision analysis (or operations research) models (see, for example, Heilman, Yakowitz and Lane, 
1997; Loetscher, Keller and Greenfield, 1997; Tang, Wong and Ellis, 1997). A review is provided by 
Yakowitz and Hipel (1997).
One can argue that the majority of the DSS which have been reported upon during the course of this 
research, that is, since the earlier reviews referred to, are essentially rooted either in simulation models 
or decision analysis models (see Figure 2.3). Notable attempts to merge the two classes have been 
made by Simonovic and Bender (1996) and in the development of the EAGLE system initiated by 
Abbott and Shipton and most recently reported upon by Yan et al (1999). In these systems, judgements 
expressed as a series of numerical scores are gathered from stakeholders and then used to build utility 
curves deemed to be representative of the stakeholders as a whole. These curves are then used to infer 
qualitative information from the outputs of simulation models.
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■fte fact that DSS must interact not only with individuals but with heterogeneous collecttons of 
individuals and groups, each with their own set of interests and intentions is a problem described by 
Abbott (1994) as intrinsic to DSS. The methods thus far used to confront them, namely decision 
analysis models, are described as insufficient because the merging of intentions cannot be realised 
ethically simply by allocating static weights to criteria. In some of his most recently published work 
Abbott (1999) has suggested that DSS should consist of both/act engines (the conventional (objective) 
modelling tools) and judgement engines (to elicit (subjective) judgements). Accordingly, alternative 
means for the representation of the interests of stakeholders are called for.
2.3 K now ledge m anagem ent and decision support
2.3.1 The move to knowledge based decision support systems
A recnrring theme in DSS, whether becanse of the need for i) the inputs and outputs of DSS to be 
synthesised, ii) the relevant data, informadon, knowledge and experience to be selected and interprété , 
or ill) the interests of stakeholders to be represented, is the need to collect, store and use knowledge 
both that which is explicit and can be transmitted in formal, systematic language, and that which is he 
■in people's heads’ and which is sometimes hard to formalise, defined by Polyani (1966) as tact,
knowledge.
The acquisidon and représentation of knowledge and the development of strategies for reasoning over 
tiiis knowledge has been a focus of the work of the aniflciol intelligence (M) community throughout 
the latter half of the 20“' century. Work on Itnowledge based systents (KBS) has contnbuted to
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development of more complex hybrid DSS which represent the melding of Holsapple and Whinston’s 
(1996) solver-oriented, database-oriented and rule-based DSS into a single system. Initially, KBS were 
used to develop intelligent front ends to provide guidance for the users of simulation models. They 
have been widely used to this end in urban drainage modelling (see Ahmad and Price, 1998). More 
recently, KBS have been incorporated to assist in the analysis of water quality across watersheds (see 
Reynolds et al, 1996) and to facilitate long term water resources planning (see McKinney, Maidment 
and Tanriverdi, 1993).
Over the last 20 years the University of Surrey and HR Wallingford have worked together with water 
utilities, engineering consultancies and academic institutions throughout Europe to develop a number 
of KBS for application to the management and protection of the aquatic environment (see Price, 
Ahmad and Holz, 1998). The first of these, WIFE, was an intelligent front end to the Wallingford 
Storm Sewer Package (WASSP). This system was incorporated into a Sewerage Rehabilitation 
Planning Expert System (SERPES) to help in the development of urban drainage network simulation 
models. SERPES helped to build models, to execute them and to use the results to identify the most 
cost effective rehabilitation measures, and was based on the UK Water Research Centre’s (WRc) 
(1986) Sewerage Rehabilitation Planning Procedure. SERPES was developed under the guidance of the 
Water Industry Expert Systems Club (WIESC) formed in 1985 through an initiative led by the 
University of Surrey. During the first two years of the 17 member consortium’s existence, a second 
KBS was developed. Water Distribution Network Expert System (WADNES) was designed to assist a 
distribution network control room operator by comparing the status of a given network, represented by 
pressures and flows, with templates that identified various emergency situations. During this time a 
program for building KBS was also developed. The Water Industry Expert Systems Support 
Environment (WIESSE) was used to build two more KBS. The first of these was designed for the 
prediction of algal growth in storage reservoirs (see Ahmad, 1989) and the second for the inspection 
and maintenance of offshore structures (see Ahmad, Langdon and Frieze, 1991). These projects were 
initiated primarily to demonstrate the feasibility of KBS in an industry reliant upon undocumented 
knowledge held by practitioners.
A four year project carried out for the UK’s Environment Agency (formerly the National Rivers 
Authority) between 1990 and 1994 led to the development of a knowledge base comprising aspects of 
the legal and engineering knowledge of an experienced water resources manager. ELSIE advised upon 
the issuing of licenses for the abstraction of water from rivers and from groundwater resources (see 
Ahmad, Griffin and Shaw, 1994). An innovative part of the system was its access to a digital library of 
legal texts, including the UK Government’s (1991) Water Resources Act and Wisdom’s (1990) Law of 
Watercourses. In recent years the governance of the environment has become a key issue politically, 
socially and economically. Legislation has been developed, landmark judgements have been delivered 
and the number of learned and popular journals and books on the preservation and management of the 
aquatic environment has increased significantly, and the developers of DSS have responded by 
enabling their hybrid DSS to deal with text. Osmond et al’s (1997) WatersheDSS system is a hypertext
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system which allows its users to move between engineering reports, journal papers and other text 
documents so as to determine ecosystem health across watersheds.
A text-based linguistically informed approach to the development of a KBS was used for the first time 
in the development of ELSIE. This was felt to have saved considerable time and effort, and was again 
used in a subsequent project, SafeDIS, dealing with the design and maintenance of sewerage networks 
(see Ahmad, 1995). The expertise of experienced engineers was encapsulated alongside WRc’s (1984) 
Sewerage Rehabilitation Procedure, with a view to guiding less experienced engineers in checking the 
state of sewerage networks. This was an early example of the study of emergent knowledge, to which 
we refer later. Once again, digital libraries formed an important part of the system.
The catalogue of work described has led to an increased recognition of the knowledge bound up in 
texts, and of the role that textual information and documents, especially legislation, guidelines, codes 
of practice and policy documents play in the decision making process. The rapid growth of the Internet 
in the last five years has meant that great volumes of text based information are now freely available 
and as Cowie and Wilks (2000) put it, Tt is still important to keep in mind how much of our cultural, 
political and business patrimony is still bound up with texts, from manuals for machines to 
entertainment news to newspapers themselves. The text world is vast and growing exponentially. One 
should never be seduced [...] into thinking that text and how to deal with it, how to extract its content, 
is going to go away.’ For us, it is the relationship between knowledge and text that warrants further 
investigation: the way knowledge is encoded in texts, and the way in which text is used to represent 
and disseminate knowledge.
The lessons learnt in developing KBS will increasingly be applied more generally: to allow for the 
explicit representation of knowledge, to develop strategies to search this knowledge, and to allow for 
explanation to be given to users. The experiences of the KBS community throughout the last few 
decades will make an invaluable contribution to the discipline of knowledge management. In particular, 
the link between knowledge and text which has been established will be of significance. Knowledge 
management is variously defined, but tends to involve the ‘preparation’ or ‘formal management’ of 
knowledge for ‘distribution’ or ‘re-use’ (cf. O’Leary, 1998:34; Abbott, 1999:5). In discussing the 
relationship between KBS and knowledge management, Hendriks and Vriens (1999) note that KBS are 
the outcome of a knowledge engineering process that may provide some of the ‘building blocks’ of 
knowledge management. Central to this knowledge engineering process is the means by which 
knowledge can be acquired, which is evidently important for knowledge management too. Techniques 
for knowledge acquisition have been developed by the KBS community discussed.
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2.3.2 Knowledge acquisition as a component of knowledge management
Though Feigenbaum (1980) coined the term knowledge engineering to describe the process that created 
the first expert system at Stanford over 20 years ago, and though Hayes-Roth, Waterman and Lenat 
(1983) provided a conceptual framework for knowledge engineering, there is still no definitive 
knowledge engineering methodology. There is consensus, however, that knowledge engineering 
includes methods for representing and reasoning over knowledge and, perhaps most importantly, for 
acquiring knowledge in the first place.
Knowledge acquisition is defined typically as a range of techniques that are used to obtain domain 
knowledge about an application for the purposes of constructing a knowledge based system (see 
Holsapple and Whinston, 1996). This domain knowledge can be ‘a collection of definitions, relations, 
specialised facts, algorithms, strategies and heuristics about the domain area’ (see Buchanan and 
Shortliffe, 1984). Standard textbooks on artificial intelligence devote no more than a few pages to the 
subject (see Luger and Stubblefield, 1997; Norvig and Russell, 1994) while the literature that does exist 
describes many different tools, techniques, strategies and outcomes.
With a view to establishing a common, repeatable methodology several authors have proposed 
knowledge acquisition frameworks. These have been reviewed and classified by Holsapple and 
Wagner (1996). The three different classes of knowledge acquisition framework they identify are i) 
variable oriented, that is, concerned with identifying variables used to evaluate knowledge acquisition 
tools and methodologies ii) selection oriented, to assist knowledge engineers in selecting knowledge 
acquisition tools appropriate for knowledge acquisition from particular domains, and iii) development 
oriented, which propose methodologies to be followed in a knowledge acquisition process.
The majority of the development oriented knowledge acquisition frameworks presented are 
decomposed into several phases. McGraw and Harbison-Briggs (1989) suggest there are three. Tuthill 
(1990) presents a hybrid of Hart (1986) and Harmon and King’s (1985) frameworks, composed of nine 
phases. For us, the knowledge acquisition process will unfold as a series of such phases or episodes, 
each dependant on the task to be supported, its scope and complexity, the quality of the knowledge as it 
is acquired and the size of the system which is to be built. Typically, the process will include one or 
more phases in which human sources of knowledge are consulted, generally using psychological 
techniques such as verbal reporting, protocol analysis and interviewing. Cooke (1994) classifies these 
techniques for collecting from a human source of knowledge as knowledge elicitation.
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2.3.3 Interviewing for knowledge acquisition
Techniques for knowledge elicitation are grouped by Cooke (1994) into three families. The 
observations and interviews family includes direct methods of watching and talking with experts, the 
process tracing family includes verbal reporting, protocol analysis and other techniques associated with 
specific tasks whereby data are collected and used to make inferences about the underlying knowledge 
(see Ericsson and Simon, 1993), and the family of conceptual techniques includes concept elicitation 
methods, data collection methods and other techniques which produce representations of domain 
concepts and their structure or inter-relations. Several authors including Hart (1986) and Tuthill (1990) 
have presented interview typologies for knowledge acquisition. These include techniques that belong 
to the observations and interviews family. Where they are used to generate verbal reports, however, 
these techniques can also be considered to belong to the process tracing family.
The informal or overview interview is aimed at familiarising the knowledge engineer with the domain 
and the particular problem of concern. Klein and Methlie (1995) confirm that this type of loosely 
structured technique is best suited to the early phases of the knowledge acquisition process to inquire 
into the ‘basic structure’ of a domain. Focused interviews are normally conducted by following a pre­
determined agenda, whereby the interviewee is initially prompted with an initial topic or question but is 
given a great deal of freedom of expression thereafter. The main objectives of the focused interview 
are to obtain a typology of objects in the domain, to establish basic factual knowledge and to achieve a 
breakdown of the problem being addressed into its constituent tasks. The structured interview 
normally occurs well into the process of knowledge acquisition and is more interrogative than 
conversational. This is used when information is required in much greater depth and detail than the 
other techniques can offer. Finally, think-aloud protocols may be employed. These have their origins 
in cognitive psychology, whereby interviewees think aloud while solving a given problem or case 
study. Though it is imphed that these techniques are discrete and to be used in sequence, each eliciting 
a particular type of knowledge, this method of application is possibly too strict and can reveal overlaps 
between and even reinforce the shortcomings of the individual techniques.
The major advantage of interview based knowledge acquisition is that knowledge which is not 
documented can be elicited. This knowledge may be up to date where a text book may not be and it 
may include interpretations of extant knowledge specific to a particular region or context. In addition, 
interviews can reveal the exact circumstances in which knowledge is valid. One of the major 
problems, however, is that there is no supporting evidence for the claims of an interviewee. It is 
necessary to validate the acquired knowledge, and alternative approaches to knowledge validation have 
been explored in the literature. The generation and use of test cases, and the comparison of decisions 
made by a system with those made by experts are included in Grogono et al’s (1992) review of the 
available techniques. Typically, the validation process involves the inspection of the acquired 
knowledge by other experts or domain practitioners.
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While many of the knowledge acquisition frameworks presented in the literature have portrayed one- 
to-one scenarios, whereby a single expert has been interviewed by a single knowledge engineer, 
knowledge acquisition has come to involve multiple experts and a wide array of knowledge sources. 
Not only has this allowed a greater breadth of knowledge to be acquired, it has also meant that the 
knowledge has been partly validated in the process. There have been successful precedents whereby a 
team of knowledge engineers has worked in close co-operation with a group of experts. Some of these 
experts have outlined the scope of the problem, others have provided problem solving knowledge and 
yet others have validated the knowledge. The landmark work of the Stanford Heuristic Programming 
Project (which developed classics such as DENDRAL, MYCIN, PUFF and ONCOCIN) exemplifies 
this approach (see Buchanan and Shortliffe, 1984).
In developing MYCIN, Edward Shortliffe approached Stanley Cohen, Head of Clinical Pharmacology 
at Stanford University, with a view to eliciting knowledge about the diagnosis and therapy of 
meningitis. Cohen interested Thomas Merigan, Chief of the Infectious Diseases Division at Stanford, 
and he in turn involved a physician in his division, Stanton Axline. All three contributed to the 
knowledge base. The first phase of the validation of the system involved 5 faculty members in the 
Division of Infectious Diseases, a senior postdoctoral fellow in infectious diseases, a senior resident in 
medicine and a senior medical student in its first phase, while the second phase involved 8 infectious 
disease specialists from institutions other than Stanford. Users were involved in the knowledge 
validation process for Rl-XCON and XSEL, systems developed by (the now defunct) DEC for 
configuring and selling computer systems (see Mumford and McDonald, 1989).
The key point for us here is that the validation of acquired knowledge usually involves its inspection by 
other experts and by other practitioners. Methods and tools to facilitate the sharing and dissemination 
of acquired knowledge amongst these individuals will therefore facilitate its validation, whichever 
particular approach is taken. In Chapter Three we present a method to enable the dissemination of 
knowledge acquired through a variety of interview techniques across electronic networks. In that this 
will allow that knowledge to be inspected by others, we feel the method may contribute to its 
validation.
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2.4 The relationship between knowledge and language
The knowledge acquisition bottleneck first posited by Buchanan and Shortliffe (1984) has become 
something of a cliché, but strategies to overcome it are pursued no less vigorously for that fact. There 
is general dissatisfaction with the available manual knowledge acquisition techniques, and 
investigations into the use of interactive tools for partially automated knowledge acquisition have taken 
place. Many such tools include facilities for visualising domain concepts or incorporate techniques 
such as hierarchical clustering, spatial clustering and logical analysis (see Boose, 1989). Surprisingly, 
relatively few take advantage of the fact that an individual is arguably best able to express his or her 
knowledge using the natural language they have used throughout their lifetime.
There is an inextricable link between knowledge and language. As Gaines and Boose (1988) have 
identified, societies can be thought of as a distributed collection of autonomous entities, and language 
has evolved as a means of co-ordinating the activities of these autonomous entities. It is essential to 
many of the processes of knowledge acquisition and transfer. The relationship between knowledge and 
language is a very complex one: some philosophers like Rudolf Carnap (1961) will tell us that it is the 
logical argumentation based on the vocabulary and grammar of the symbolic logic systems through 
which knowledge is created and disseminated. There has been much criticism of this approach, called 
positivism by many including the late Thomas Kuhn (1962), and it is stressed that it is the interaction 
between human beings, and especially knowledgeable beings like scientists and engineers, that helps in 
the revision and dissemination of knowledge. The point here is that much of this interaction is through 
the medium of spoken or written language. Kuhn has been criticised for oversimplifying the whole 
process of scientific discovery, and perhaps rightly so, but his observation that knowledge emerges 
within a social structure which has hierarchies and kinship-like relations has important consequences 
for knowledge management, especially where acquired knowledge is being used to help make a 
decision that takes into account the points of view of as many stakeholders as is possible. It is 
important to note that speech and written text does not correspond exactly with the knowledge held by 
the speaker or writer, but represents a trace of their knowledge. Subsequent discussion within this 
document of the knowledge relating to texts and verbal reports can more accurately be thought of as 
discussion of the trace of that knowledge.
2.4.1 Knowledge acquisition from text
Despite the relationship between knowledge and language, there is relatively little reference in the 
knowledge acquisition literature to the analysis of speech or text. The linguist and cognitive scientist, 
Winograd (1983) has argued that the results of research into the structure and function of natural 
languages can be used to incorporate ‘bodies of material’ including such things as journal articles and 
textbooks into knowledge bases without ‘human intervention’. Some researchers have taken note, and
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in the quest for automation, language has gradually become a more prominent feature of the knowledge 
acquisition literature.
MYCIN (an acronym for Microbial Infection Therapy System) is amongst the most cited of expert 
systems and was developed by Shortliffe (1981) together with domain experts in infectious disease and 
pharmacology to help in the diagnosis and therapy of meningitis. The knowledge base of MYCIN is 
organised around taxonomies of microbes, humans and drugs, causal links between microbes and 
illnesses, part-whole relations, statistical correlations and chance associations amongst domain entities. 
Though diverse, these chunks of knowledge also interact. In computational terms, they are organised 
within the knowledge base as attribute-object-value triples and as rules containing antecedents and 
consequents. It is clear from the MYCIN project that the task of understanding and elaborating upon 
the terminology of the apphcation domain is an important one for the knowledge engineer to carry out 
at an early stage. The use of terminology in the case of MYCIN was restricted to a ‘system dictionary’ 
of 1400 words used to understand users questions and to generate expert like responses.
After 1985, the knowledge acquisition literature began to include discussion of problems which had 
previously been encountered by linguists and terminologists. Khnker et al (1987) devised 19 
‘synonymy’ rules to resolve terminology related conflicts because they found that different people used 
conflicting terminology, whilst Motta et al (1991) proposed the construction of a knowledge 
encyclopaedia for their knowledge acquisition system, KEATS, envisaging the isolation of ‘knowledge 
chunks through glossaries and free association’. The more recent literature shows an ever growing 
awareness of language related issues. Practitioners are said to use some kind of a representation 
language and a number of researchers stress the need for glossaries and lexica. Boose (1992) has 
suggested that the more successful approaches in knowledge acquisition ‘seem to rely on a mediating 
representation: problem modelhng languages that help to bridge the gap between experts and computer 
implementations’. Ran, Jacobs and Zernik (1989), Gomez and Sagami (1990) and McGovern, Samson 
and Wirth (1991) have all explored knowledge acquisition from natural language texts.
Of those who have tried to exploit the relationship between knowledge and language for the purpose of 
knowledge acquisition, the majority have studied texts manually in order to identify domain objects 
and concepts, their attributes, the relations between them and so on. Few have explored the possibility 
of automating this process, and yet parallel work on natural language understanding (see Shapiro, 
1992) and information extraction (see Pazienza, 1997; Cowie and Wilks, 2000) has made the automatic 
acquisition of knowledge from text a possibility. Developments in corpus linguistics, especially where 
corpora are composed of scientific and/or technical texts, are of particular significance.
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2.4.2 Corpus linguistics and special language
In the study of language, the organisation and analysis of text corpora has helped significantly. For 
McEnery and Wilson (1996) a corpus is ‘a finite collection of machine readable text, sampled to be 
representative of a language or variety [of language].’ Stubbs (1996) points out that ‘though corpus 
linguistics has as yet only very preUminary outlines of a theory which can [...] use what is frequent in 
corpora to identify what is typical in the language, [...] the combination of computers, software and 
large corpora has already allowed linguists to see phenomena and discover patterns which were not 
previously suspected.’
Research on natural language understanding and information extraction has been complemented by 
work on the understanding of specialist texts. Specialist texts are rich in vocabulary, their authors 
employ a limited number of sentence structures, and there is a premium on avoiding ambiguity (see 
Sager, Dungworth and McDonald, 1981). For these reasons, the use of language analysis tools - 
whether those based on statistical metrics of frequency counts of terms or those based on the analysis 
of the linguistic environment of terms - is more apt when such tools are used in the analysis of 
scientific or technical texts than perhaps is the case when they are used in the analysis of literary or 
newspaper texts. The literature on information retrieval, where statistical metrics are used for term and 
sentence extraction, and on information extraction, where linguistic structures are predicated and 
analysed, does not usually exploit the differences between specialist (i.e. scientific or technical) and 
general language texts. By studying corpora representative of specialist and general language texts, 
these differences can be revealed and can subsequently be used to facilitate knowledge management.
2.4.3 Structure in language for special purposes
The knowledge of a specialist domain is encoded principally in the language for special purposes 
(LSP) of that domain. LSP is the language of experts in narrowly defined subject areas. It is a 
specialised, subject-specific language which is used in a way peculiar to that domain. LSP exhibits 
more restricted sentence patterns and less ambiguously defined and used vocabulary than does the 
language of everyday use, in this context known as language for general purposes (LGP). LSP may be 
construed at a number of different levels. In the first instance, at the level of words individually, then 
at the level of word combinations, that is, phrases and sentences. Further on, the level at which one can 
interpret the meaning and the still higher level of intentions behind the sentences. These four levels 
(lexical, syntactic, semantic and pragmatic) are used to encode different aspects of the knowledge of a 
domain. They are largely stratified, in that they do not impact upon one another, and can be analysed 
quasi-independently.
The existence of these levels is of significance for knowledge management, because if these levels 
exist then they give structure to LSP. If structure exists then documents can be operated upon and 
analysed by computer programs. If the documents can be analysed and the meaning bearing contents
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identified, it is possible that knowledge can be extracted and exported to knowledge bases and DSS, 
and routed to relevant individuals either for validation or as part of the process of knowledge 
dissemination. However they ultimately come into play, it will be clear that these structures which are 
evident in LSP are of significance for knowledge management.
Significantly, the management of the aquatic environment can be considered a specialist domain, and 
like other speciaUst domains, can be distinguished by the way in which its members express 
themselves. Sometimes this expression is pejoratively defined as scientific jargon and yet at others it is 
defined as specialist scientific writing. We have collected evidence to suggest that the language used 
by those in the management of the aquatic environment is an LSP, and that it exhibits structure at the 
linguistic levels discussed. This evidence is presented in Chapter Three.
2.5 Summary of literature review: Our research situated
Because of the need to synthesise and interpret data, information and knowledge from different 
sources, because the knowledge of different disciplines is required, and because the interests of 
different stakeholders have to be represented, the DSS used by planners and policy makers in the 
management of the aquatic environment will increasingly have to incorporate some means to acquire, 
represent, reason with and disseminate knowledge: the knowledge of experienced planners and policy 
makers; the knowledge of contributory disciplines; and the knowledge of stakeholders of different 
backgrounds.
Though the DSS used within the domain are typically of two classes -  based either on simulation 
models or on decision analysis models -  the systematic management of knowledge has in fact been 
quite common. KBS have been developed to assist the users of simulation models and have more 
recently been applied to less structured, more open problems. It is clear that in the future a generally 
applicable method for knowledge acquisition, reformatting and dissemination will be of value, so 
widespread is the need for knowledge to be managed in the domain.
The relationship between knowledge and language is significant here. Techniques for the acquisition 
of documented knowledge invariably involve a knowledge engineer collecting and studying the texts of 
a domain. Techniques for the acquisition of tacit knowledge from individuals invariably involve 
interviews. The elicited knowledge is often collected in the form of verbal reports and studied by a 
knowledge engineer before being fashioned into a knowledge base. Knowledge is typically 
disseminated through natural language. Even where knowledge is encapsulated in conventional KBS, 
explanations are generally provided to a user in natural language, while DSS are increasingly being 
designed with the capability to handle documents.
Work on information extraction and natural language processing, and especially on corpus linguistics 
and language for special purposes, has suggested that such collections of text -  comprising domain
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specific documents such as guidelines, legislation and handbooks and/or the verbal reports of 
interviews with domain practitioners -  can be analysed by computer programs. Structures which are 
present in specialist texts can be exploited to enable the meaning bearing contents of texts to be 
identified and subsequently marked-up.
In this portfolio we present a method for knowledge acquisition which combines psychological 
interview techniques with techniques from corpus and computational linguistics and which facilitates 
the mark-up of specialist texts. Because the DSS used by planners and policy makers are increasingly 
being augmented with the means to deal with marked-up text, it is possible that this method could be 
used to populate DSS with the knowledge of disparate domains, whether tacit or explicit. Through 
acquiring and then disseminating this knowledge, it is possible that Nonaka’s (1994) processes of 
internalization, externalization, socialization and combination will be facilitated, and that the 
development of new knowledge - including concepts and technologies that contribute to sustainable 
development -  will come about.
In Chapter Three we describe this method and a prototype which illustrates how the knowledge of 
stakeholders can be disseminated across electronic networks. In order to study how the knowledge of 
stakeholders can be acquired and then disseminated further, and because the management of the aquatic 
environment encompasses such a vast area of human activity, we have focused upon one particular 
aspect of the domain, that of urban wastewater management (UWM), and specifically upon the 
planning of infrastructure for UWM within the cities of developing countries. It is helpful to 
understand how the knowledge of this particular sub-domain has been documented over the last 20 
years or so. In section 2.8 below we describe the guideUnes and other framework documents which 
have been produced, the ways in which they have changed, and the implications for decision support.
2.6 Case study: Documented knowledge of a sub-domain
Aspects of the knowledge of UWM such as the design of sewerage networks and of wastewater 
treatment processes are well documented. Codes of practice exist and textbooks and manuals have 
been published. Price (1998) describes how three such documents - the Wallingford Procedure (see 
National Water Council, 1981), the Sewerage Rehabilitation Manual (see WRc, 1984) and the Urban 
Pollution Management (UPM) procedure (see Foundation for Water Research, 1994) - have shaped and 
reflected the knowledge of the design and rehabilitation of sewerage systems in the UK over the last 20 
years.
In the sub-domain of UWM that covers municipal planning, where decisions are made about the 
infrastructure that will serve entire conurbations, the knowledge employed by planners and policy 
makers is not so well documented. Our interest is in how sustainable development can be encouraged, 
and like Parr and Horan (1994) we are of the opinion that the planning stage is the one at which clean 
technologies and sustainable urban wastewater management practices (such as decentralisation.
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wastewater recycling and re-use, and ecological sanitation) can most effectively be introduced. 
Documented knowledge of municipal planning in developing countries is largely confined to 
documents produced or commissioned by organisations such as DFID and the European Commission 
to guide development projects they are financing. Text documents, checklists, flowcharts and criteria 
to be used as the basis of decision analysis techniques have been proposed: sometimes to deal with 
sanitation alone, sometimes to help in the selection of wastewater treatment processes only, and 
sometimes for the consideration of both together. Sometimes the infrastructure for water supply has 
been considered alongside that for UWM.
Reid and Coffey (1976), working with the US Agency for International Development (USAID), were 
amongst the first to attempt to produce guidelines for decision makers in the domain. They developed 
a flowchart to classify a community by its ability to sustain particular treatment options and to help in 
selecting ‘appropriate methods of treating water and wastewater in developing countries’. 
Kalbermatten, Julius and Gunnerson (1980) designed a series of simple flowcharts for the selection of 
on-site sanitation technology, while Grover (1983) and Palange and Zavala (1987) produced guidelines 
for ‘water supply and sanitation project preparation’ and for ‘water pollution control’ respectively. 
Gunnerson (1988) proposed a checklist of factors to consider for the planning of wastewater 
management for coastal cities. Though focused upon different areas of the domain, these five 
documents (all produced for the World Bank) were of a similar format, employing text alongside either 
flowcharts or checklists.
O’Neill, Horan, Mara and Cole (1990) broke with this pattern and produced a system for ‘the design of 
treatment processes in hot climates’. This used a decision analysis technique to select one option from 
several on the basis of values assigned subjectively to ‘factors to consider’. Parr and Horan (1994) 
later published a checklist of such ‘factors to consider’ in ‘process selection for sustainable wastewater 
management in developing countries’. They preferred a simple checklist which could act as a ‘thought 
provoker’ as opposed to the more prescriptive solutions that had gone before.
Around 5 years ago, the issue of sustainability started to become one of concern to those in the domain. 
For Parr and Horan sustainability was largely to do with the continued operation of treatment 
technologies. Loetscher, Keller and Greenfield (1997) used a decision analysis technique to select 
sanitation technologies, and proposed that options be chosen on the basis of their implementability and 
sustainability, suggesting that there might be some trade-off between the two. 43 criteria were deemed 
to be of importance. For them too, sustainability was related to the likelihood of a technology being 
used and maintained over a prolonged period.
With the support of the UNDP and the World Bank, Wright (1997) then developed the ‘strategic 
sanitation approach’ to ‘improving the sustainability of urban sanitation in developing countries’. The 
strategic sanitation approach includes several key concepts including the consideration of cities as a 
whole and a wide view of sanitation (including stormwater drainage, sullage disposal, the disposal of
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human waste and solid waste management). The trend of late, following this example, has been 
towards holistic consideration of all aspects of water resources management. Documents have been 
ambitious attempts to set out all that is necessary to consider, and have employed extensive texts 
alongside checklists of some form. UNESCAP (1997) produced guidelines on ‘water and sustainable 
development’ to address ‘all aspects of the protection of freshwater resources’, while USAID’s 
Environmental Health Project (EHP) (1997) published a ‘handbook’ together with UNICEF for better 
decision making and ‘strategic sanitation planning’. The European Commission (EC) (1998) and 
Netherlands Development Assistance (1998) published guidelines for development co-operation in 
‘water resources’ and ‘water supply and sanitation’ respectively. The EC document covered four focus 
areas; ‘water resources assessment and planning’, ‘basic water supply and sanitation’, ‘municipal water 
and wastewater services’ and ‘agricultural water use and management’. Marino and Boland (1999) 
later attempted to ‘define the conceptual framework that should guide the analysis process’ in their 
‘integrated approach to wastewater treatment’ while WELL Resource Centre (1999) set out DFID’s 
‘principles, procedures and practices’ to guide decisions on ‘choice, design and management of 
appropriate water supply and sanitation projects’. Tayler, Colin and Parkinson (2000) have most 
recently (again with the support of DFID) produced ‘a guide to strategic planning for municipal 
sanitation’.
During the period described, there has been a clear move from more prescriptive approaches to 
documenting the knowledge of the domain, employing flowcharts and decision analysis techniques, to 
broader, less prescriptive texts and checklists. The area of application of these documents is also 
shifting from specific areas like ‘selection of on-site sanitation technology’ to the more holistic ‘water 
resources management’ (see Table 2.1). These changes in the way the knowledge of the domain has 
been documented mean that decision makers are now required to look at a vast amount of information 
from many different sources and to take into account many different points of view. Only very 
experienced planners and policy makers are able to use these frameworks, so great is the burden of 
interpretation. It is the knowledge used by these individuals to interpret these framework documents in 
which we are interested. As such, we have carried out case studies using two documents typical of 
those described. Firstly, Parr and Horan’s (1994) checklist for the selection of appropriate wastewater 
treatment strategies and secondly, the EC’s (1998) guidelines for sustainable water resources 
management. These case studies are described in Chapter Three.
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Reference Focus area Format
1
i t II
g i 1 ill
Reid and Coffey (1976) • •
Kalbermatten, Julius and Gunnerson (1980) • •
Grover(1983) • • •
Palange and Zavala (1987) •
Gunnerson (1988) •
O’Neill, Horan, Mara and Cole (1990) •
Parr and Horan (1994) •
Tang, Wong and Ellis (1997) •
Wright (1997) •
Loetscher, Keller and Greenfield (1997) •
USAID EHP and UNICEF (1997) •
UNESCAP (1997) • • •
NEDA(1998) • •
European Commission (1998) • • •
WELL Resource Centre (1999) • •
Marino and Boland (1999) • •
Tayler, Colin and Parkinson (2000) • •
Table 2.1 Documented knowledge of the planning of UWM in developing countries
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Method: Knowledge management to support environmental management
The knowledge of how to operate within a given framework is important for most managerial tasks, 
and perhaps more so in the case of environmental management. A framework is essentially a basic 
structure or a broad outline plan which supports and gives shape to objectives which are based upon 
consensus or upon expert opinion. The European Commission’s guidelines on sustainable water 
resources management, the UK Environment Agency’s pollution prevention and control regulations 
and the legislative instruments governing the rights and duties of various stakeholders at a municipal 
level are all instances of frameworks used by the managers of the aquatic environment.
Such frameworks, whether local, national or international, are interpreted by ‘expert’ managers, 
planners and policy makers. This knowledge, knowledge of how to operate within frameworks, is 
largely experiential, seldom documented, and qualitative in nature. It is important for methods to be 
devised for acquiring this knowledge. Once acquired it is important to disseminate this knowledge to 
other stakeholders along with the frameworks discussed.
An analysis of experts’ opinion, essentially transcribed speech which may lack the coherence of texts 
written-to-be-read, may lead to the identification of rules, especially rules of thumb, used by experts to 
interpret and to implement a given framework. The question of disseminating knowledge to other 
stakeholders is rather a tricky one. The experts and the framework authors may share a common 
language - the language of their specialism - but other stakeholders (including members of the public, 
community groups, environmentalists and others) may not be so conversant with this special language. 
If these other stakeholders share a common general language then perhaps the specialist texts may be 
made more palatable through, for example, providing an accompanying glossary. In the days of the 
Internet, online elaboration of terms is also quite feasible. Indeed, one may refer to other online texts, 
based on keywords within a given text, for the purpose of elaborating terms and concepts. As more 
and more text is made available digitally, and as the concomitant development of computer systems 
which can in some restricted sense understand text continues, perhaps framework documents and 
experts’ opinions could be analysed semi-automatically and knowledge, in a restricted sense, be 
extracted and shared between stakeholders.
This chapter deals with how to acquire knowledge in a systematic manner - particularly knowledge of 
the management of the aquatic environment - and with how to analyse this knowledge. It is perhaps 
presumptuous to talk about the aquatic environment as a whole, therefore we focus on the planning of 
UWM in developing countries, and in our main case study, the small island states specifically. We 
describe the use of psychological interviewing techniques for eliciting knowledge from' experts. Such 
techniques have been discussed at length within the KBS literature, and refinements suggested for 
engineering specialisms by Ahmad et al (1991) have here been used and critically evaluated (see 
Section 3.1).
33
We go on to discuss computer based analysis of specialist texts; namely framework documents and 
interview transcripts. It is well known that computers cannot deal with free text, especially when this 
text contains all the vagaries of human language; metaphors, analogies, references to people and places 
and a whole variety of sentence types; exclamatory, declarative and imperative. Computer programs 
have not performed well in the analysis of newspaper reports, works of fiction and so forth. It is 
perhaps because language used in day to day communication lacks structure, in the sense that the same 
patterns are not found repeatedly. However, specialist communications do appear to have structure, 
and are precise to the extent that the choice of words can seem pedantic: an expert’s repertoire is 
essentially restricted in terms of the vocabulary used and the sentence types usually employed; the 
declarative and the imperative. The main meaning bearing words are repeated extensively within a 
given text, to the extent that a text can appear opaque to an outsider.
The examination of specialist communication by linguists and computer scientists suggests that 
perhaps there are discernible structures that may be operated upon by computer systems. For instance, 
due to sheer repetition it may be possible to identify keywords, particularly newly-coined keywords. 
Experts make a lot of causal statements, prefixed by an i/and interspersed with a then or a because and 
they make propositions describing the facts of the domain. We have used, refined and critically 
evaluated a methodology to analyse texts for the purpose of eliciting the knowledge encoded by these 
structures. This section of the document is the basis of a paper on ‘Linguistic resources for building 
knowledge bases’ submitted to the Journal of Hydroinformatics. This is being reviewed at the time of 
writing and is presented here in Appendix D2.
Using the psychological methods mentioned above and computer based methods of analysis, we have 
collected and analysed the opinions of 40 experts in UWM, ranging from consulting engineers to 
university professors, and from senior managers of water and sewerage utilities to civil servants. This 
work formed the basis of two pilot studies, used to refine our methodology, and a main case study 
carried out in July 1999. Our first pilot study led us to conclude that the knowledge of specialist 
domains which are socially situated (such as those concerned with the management of the aquatic 
environment) is effectively distributed amongst the various stakeholders within a city. Knowledge 
engineering strategies which seek to discover a consensus shared by these stakeholders appear to be 
less practical in such domains than knowledge management approaches which simply facilitate the 
sharing and dissemination of this knowledge. We have already described how socialization, 
combination, externalization and internalization are important aspects of knowledge creation.
The purpose of our second pilot study was to gather interpretations of various aspects of the EC’s
(1998) guidelines for water resources development co-operation from several different geographical 
perspectives. Given that this framework document is aimed specifically at developing countries we 
elicited the knowledge of engineers from Ethiopia, Kenya, Zimbabwe and Egypt. Also interviewed 
were those who contribute to the development of such guidelines, including university professors of
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environmental engineering in both the UK and the Netherlands. In order to study how such guidelines 
might be interpreted by specialists from other related disciplines (for example, tropical public health 
engineering) we conducted interviews with senior academics at the London School of Hygiene and 
Tropical Medicine, Imperial College and the International Centre for Infrastructure Hydraulics and 
Environment (IHE) in the Netherlands.
The need for a demand led approach to sanitation provision and for the concept of sustainability to 
become embodied in decision making procedures were amongst the subjects discussed by the 
academics consulted, while the engineers we interviewed were able to provide an interpretation of the 
guidelines based upon practice in their own countries. They focused upon aspects such as mechanisms 
for stakeholder participation and for indigenous knowledge to be taken account of in planning 
procedures. This second pilot study confirmed our belief that the knowledge of UWM is very much 
geographically situated, and illustrated to us the importance of the knowledge held by experienced 
individuals for interpreting framework documents in these circumstances.
The findings from our two pilot studies led us to refine our methodology for the purposes of carrying 
out a more extensive case study in Kingston, Jamaica during which 18 UWM experts were interviewed. 
These included a senior government official, the heads of specialist government agencies, managers of 
the national water and sewerage utility, consulting and contracting engineers, heads of NGO’s and 
professional bodies, and representatives of international funding agencies. We were able to elicit 
knowledge which was distributed amongst these stakeholders. Furthermore, we were able to analyse 
the elicited knowledge to show that the domain has its own special language, and that this exhibits 
structure which can be operated upon by computer programs making it possible for documents to be 
automatically marked-up and subsequently disseminated. The methodology is described at length in 
the remainder of this chapter.
We asked a group of 24 experienced engineers, all participants of an MSc programme at IHE, to 
evaluate our methodology and to assess its utility as a means of disseminating knowledge held by 
stakeholders. The results favour its use to mark-up texts for distribution across electronic networks, 
and we have developed a prototype DSS which illustrates how knowledge -  in this case, knowledge of 
how to work within and interpret frameworks - can be disseminated and shared between stakeholders.
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3.1 Our experience with psychological techniques for knowledge acquisition
3.1.1 A first pilot study: Evidence for the distribution of knowledge amongst stakeholders
In broad domains such as those concerned with the management of the aquatic environment, 
knowledge is socially situated. Individuals construct knowledge from their own personal experiences, 
whilst also interacting with their social constituencies (e.g. colleagues, clients, customers, neighbours 
and so on). Knowledge acquisition strategies which involve several members of the domain 
community, said to improve communication and to enable consensus decision making, have been 
presented in response. The knowledge engineer effectively acts as a group facilitator and guides those 
taking part through a range of knowledge acquisition tasks.
Our first pilot study was inspired by such an approach. To begin with, two domain experts were 
provided with a set of questions (see Figure 3.1) several days prior to a knowledge acquisition session. 
At the beginning of the session, which also involved two knowledge engineers, a typical case study (in 
this case an UWM scheme in Portsmouth) was described to all the participants to provide a focus. 
Though initially prompted with the questions, the group were thereafter given a considerable degree of 
freedom, in accordance with definitions of ?l focused interview. Note that these key questions, arrived 
at through discussion with senior consulting engineers at HR Wallingford, are applicable to other 
aspects of the management of the aquatic environment. Only in questions 1, 3, 6, and 7 do terms (i.e. 
urban drainage/pollution, impact on receiving waters, urban drainage systems, and combined sewers) 
need to be interchanged for the set to be used to acquire knowledge of some other sub-domain.
1. Given the task of determining the most appropriate solution to an urban drainage/pollution problem, how do you 
conceptualise an urban area?
2. Who are the main stakeholders? What are their roles and how do they co-operate?
3. What are the key issues for reducing a city’s impact on receiving waters? What are the appropriate pieces of UK and EC 
iliii§Ie|ii!a!ibïïliiiiiiiiiSiillliM^^ ^^
Where might you find out about the size, growlh and historical development of a city, and about its main activities?
What are the fundamental differences between coastal and inland cities?
How does one deal with combined sewers as opposed to separate systems?
What arc the main environmental impacts of urban drainage systems? How are these quantified? Arc there guidelines 
available for their determination?
What kinds of risk analysis are appropriate? Economic? Environmental?
How are the benefits of an improved service measured/factored into an investment appraisal? How are tariffs set?
0. How do you ensure the chosen technology is appropriate?
1. What happens when there are several solutions available?
Figure 3.1 Questions used as the basis of focused interviews in our first pilot study
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The domain experts referred to were Roland Price, Professor of Hydroinformatics at the International 
Institute for Hydraulics and Environment (IHE) in Delft and Dr Richard Kellagher of HR Wallingford. 
Also present were Professor Khurshid Ahmad of the University of Surrey and the author, acting as 
knowledge engineer. Both Professor Price and Dr Kellagher have a wealth of experience in the 
planning and analysis of systems for urban drainage and wastewater management, while Professor 
Ahmad has been involved in the application of AI to the UK water industry for over 15 years. Our 
interest was primarily in the catalogue of concepts, relations, facts and principles that make up the 
domain. This has been defined elsewhere as conceptual analysis. The interview covered the planning 
of UWM infrastructure in a broad sense, and focused upon the use of computational models as tools in 
the planning process, uncertainty in the use of these tools, the conceptualisation of urban areas and the 
identification of key stakeholders. The discussion was recorded using a video camera, and 
subsequently transcribed to provide a verbal report (see Appendix Al).
Further verification and validation of the acquired knowledge was achieved through using what we 
refer to as a shadow expert. A third expert in the domain, Nicholas Odd of HR Wallingford, studied 
the transcript of the knowledge acquisition session and was invited to make conunent; where he knew 
of special cases or exceptions to the knowledge elicited, where he felt he could clarify any statements 
or where he felt he could offer additional knowledge. These comments were also recorded and 
transcribed, and are attached in Appendix A2. As is described in the author’s 30 Month Progress 
Report (see Appendix C5:14) this proved to be a .very effective way to verify the acquired knowledge 
and to elicit additional knowledge of the domain in the process. Mr Odd discussed the concepts of risk 
and safety factors, and also described some of the implications of recent European legislation.
Using the same set of questions, a focused interview was subsequently carried out with Ray Caine, 
Senior Design Manager at Southern Water Services. Mr Caine was responsible for the UWM scheme in 
Portsmouth discussed and was able to provide us with additional knowledge of the planning process 
including the way in which an urban area is conceptualised by a typical utility company, the factors 
deemed to be important to consider in the decision making process, and the economic and risk analysis 
procedures used (see Appendix A3).
Four different experts having been consulted, a desk study was carried out on the UWM scheme in 
Portsmouth. It soon became apparent that the knowledge of the scheme held by other key stakeholders 
including the Environment Agency, environmental NGO’s and the local council’s environment 
committee was very different to that elicited firom the interviews carried out and included political and 
economic factors (as the extract firom the local newspaper below illustrates) which did not figure in the 
discussions with conventional experts. We believe that the knowledge held by these stakeholders is as 
important a component of the knowledge of the domain as that held by (scientific and engineering) 
experts, and that it has an equal role to play in the planning process if sustainable development is to be 
pursued.
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The News - backed by environmentalists, local MPs and councillors - is campaigning for the 
works at Budds Farm to include ultra-violet disinfection of the effluent. But despite 
overwhelming evidence that consumers are prepared to pay for the safest possible seas for 
their children to swim in, the company again ruled out UV treatment. Richard Streeter, the 
Environment Agency's head o f periodic review, said: "These findings show wide public 
support for our view that environmental needs must be given proper consideration in the 
setting of new water prices. ' Environmental pressure groups - including Suifers Against 
Sewage, Friends of the Earth and the Marine Conservation Society - say UV treatment is the 
only effective way of killing sewage-related bacteria and viruses. In October, Portsmouth City 
Council's environment committee agreed - with a unanimous vote against the scheme.
The News Editorial, 17“* December 1997
This first pilot study helped us to shape our knowledge acquisition methodology. It emphasised the fact 
that different stakeholders - whether experts or not - hold different aspects of the knowledge of broad 
domains. For us, the knowledge of such domains is socially situated and is effectively distributed 
amongst the stakeholders. In order for the knowledge of the domain to be managed and disseminated to 
provide support for planners and policy makers, it is necessary to elicit knowledge from the full range of 
stakeholders; from those in national and local government, through consultants, contractors and utilities, 
to NGO’s and community based organisations. Rather than try and find consensus between these 
stakeholders, it became clear that a knowledge management method to facilitate the acquisition and 
dissemination of this distributed knowledge would be more appropriate. It was decided that a case study 
should be selected to allow for the full range of stakeholders to be consulted.
3.1.2 A second pilot study: Repositories of knowledge and emergent knowledge
Many aspects of the knowledge of specialist domains are documented. Journals and textbooks may cover 
broad domains while more specialist texts such as technical reports or guidelines may cover specific sub- 
domains. In the sub-domain of UWM which covers municipal planning in developing countries, 
documented knowledge is limited to the frameworks published by international agencies such as the 
World Bank, DFID and the European Commission (see section 2.7). Our review has shown that the 
knowledge documented in these frameworks, because it is typically intended to be ‘generally applicable 
to all developing countries’, places a significant burden of interpretation upon planners and policy makers. 
The individuals and organisations who apply these guidelines are required to substantiate them using 
knowledge based upon their own experience. If these guidelines are considered to be repositories of 
knowledge, then for Price (1998) the knowledge which comes to presence for and is applied by these 
individuals and organisations in interpreting these frameworks is emergent.
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In our second pilot study, the EC’s (1998) guidelines for water resources development co-operation, 
‘Towards sustainable water resources management’ were used as the basis of 8 focused interviews. With 
the intention of discovering emergent knowledge and particularly how guidelines might be interpreted in 
different regions or contexts, interviews were conducted with practitioners from a variety of professional 
backgrounds and from several different geographic regions. Dr Pete Kolsky and Professor Cedo 
Maksimovic in London and Professor Richard Franceys in Delft, all senior academics, provided an 
interpretation of the guidelines at the conceptual level, emphasising such aspects as the importance of 
demand led planning, public health concerns and the need to bring sustainability to the fore in UWM. 
Mr Bert van Diujl, a senior lecturer with many years of experience as a practicising UWM engineer 
provided a more practical interpretation in which circumstances unique to the Netherlands were 
identified. Similar interpretations were provided by Mr Abebe Andualem, Mrs Petranella Ogut, Mr 
Maxwell Dixon and Mr Amr El Safty, all of whom were participants on the MSc in Hydroinformatics 
programme at IHE Delft, each with several years of experience in Ethiopia, Kenya, Zimbabwe and Egypt 
respectively. All described circumstances unique to their own regions and focused on aspects of the 
domain they thought to be particularly important (see Table 3.1).
Date Interviewee Objective Key Results
19/02/99 Dr Peter Kolsky, Senior Lecturer, 
Department of Tropical 
Epidemiology, London School of 
Hygiene and Tropical Medicine
To elicit an alternative view of 
the wastewater management 
process from a sanitation and 
public health point of view in 
order to substantiate the EC 
Guidelines
-The inappropriateness of the traditional 
engineering view of wastewater 
management was discussed 
-The role of stakeholder involvement and 
the importance of demand led planning 
were emphasised
02/03/99 Professor Maksimovic, Urban Water 
Research Group, Environmental and 
Water Resources Engineering, 
Imperial College
To elicit an interpretation of 
the approach advocated in the 
EC Guidelines
-The importance of the concept of 
sustainability was emphasised and the ways 
in which it might become embodied in 
decision making practice were discussed
08/03/99 Professor Richard Franceys, Sector 
and Utility Management, Department 
of Sanitary and Environmental 
Engineering, IHE, Delft
To elicit an interpretation of 
the EC Guidelines with a 
focus on the community 
management of infrastructure
-The inappropriateness of the traditional 
engineering approach from a public health 
point of view was again identified 
-The importance of a demand led approach 
to achieve sustainability was emphasised
08/03/99 Mr Bert van Diujl, Pollution Control, 
Department of Sanitary and 
Environmental Engineering, IHE, 
Delft
To elicit an interpretation of 
the EC Guidelines from the 
perspective of a Dutch 
practising engineer
-Circumstances unique to the Netherlands 
were identified
-Financing and collection of payments was 
discussed
09/03/99 Mr Abebe Andualem, Participant, 
MSc in Hydroinformatics 
programme, IHE, Delft
To elicit an interpretation of 
the EC Guidelines from the 
perspective of a Ethiopian 
practising engineer
-Circumstances unique to Ethiopia were 
identified
-The importance of indigenous knowledge 
was a focus
09/03/99 Mrs Petranella Ogut, Participant, 
MSc in Hydroinformatics 
programme, IHE, Delft
To elicit an interpretation of 
the EC Guidelines from the 
perspective of a Kenyan 
practising engineer
-Circumstances unique to Kenya were 
identified
-In particular, the advanced state of 
stakeholder participation in Kenyan practice 
was discussed
09/03/99 Mr Maxwell Dixon, Participant, MSc 
in Hydroinformatics programme, 
IHE, Delft
To elicit an interpretation of 
the EC Guidelines from the 
perspective of a Zimbabwean 
practising engineer
-Circumstances unique to Zimbabwe were 
identified
-The use of geographical information 
systems was a focus
09/03/99 Mr Amr El Safty, Participant, MSc 
in Hydroinformatics programme, 
IHE, Delft
To elicit an interpretation of 
the EC Guidelines from the 
perspective of a Egyptian 
practising engineer
-Circumstances unique to Egypt were 
identified
-The relationships and communication 
between stakeholders and especially 
government bodies was discussed
Table 3.1 Knowledge acquisition interviews conducted in our second pilot study
39
This second pilot study enabled us to further refine our knowledge acquisition methodology. Like the 
first, it was also instrumental in determining the subsequent direction of our work. Where the first pilot 
study indicated that the knowledge of broad domains (such as those concerned with the management of 
the aquatic environment) in a given city or region is distributed amongst the stakeholders within that city 
or region and is therefore socially situated, this second study confirmed our belief that the knowledge of 
these domains can also differ greatly from one geographic region to another, and is therefore also 
geographically situated. Repositories of knowledge such as EC’s (1998) guidelines therefore have to be 
interpreted according to the context in which they are being applied, and this interpretation is carried out 
using emergent knowledge.
3.2 Our main case study: Acquiring knowledge distributed amongst stakeholders
Our two pilot studies led us to conclude that in broad domains such as those concerned with the 
management of the aquatic environment, instead of the generally applicable KBS envisaged at the outset 
of this project, what is required is a generally applicable methodology for the acquisition, representation 
and dissemination -  or management - of knowledge. Because the knowledge of such domains is socially 
situated, a methodology is required to gather that knowledge which is distributed amongst the various 
stakeholders, to bring that knowledge together and then to disseminate it between these stakeholders to 
facilitate Nonaka’s (1994) processes of externalization, combination, socialization and internalization, but 
more specifically, to ensure it is taken account of by policy makers and planners. Because the knowledge 
of such domains has also been shown to be geographically situated, and interpreted differently each time 
the planning of UWM proceeds, this method needs to be repeatable. In addition, as cities continue to 
grow and the managers of the aquatic environment use DSS to deal with more complex problems which 
affect more and more stakeholders, the potential for such a methodology to be automated is worth 
exploring.
Our main case study, chosen according to the criteria used by Parr and Horan (1994) involved focused 
interviews with a variety of stakeholders from across a single city. An interpretation of the frameworks 
proposed by both Parr and Horan and the European Commission (1998) was elicited and the knowledge 
held by the stakeholders consulted brought together. This has sinee been analysed in the light of some of 
the most recent work in the domain, that of Tayler, Colin and Parkinson (2000). These findings are set 
out in Chapter Four.
3.2.1 Choosing a case study
Some experts argue that strategies for wastewater management need to be ‘adaptive and respond to the 
needs of the community’ (Parr and Horan, 1994:2). One of the mechanisms for looking at community 
needs is to consult planners, policy makers and other stakeholders within that community. By using 
techniques for the acquisition of knowledge, one can elicit the needs which they have identified. To
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further hone this mechanism one can choose case studies, though there is a need to choose carefully. 
What is the ideal size of conurbation to look at? What are the most important factors to study? One 
can choose a case study according to area or population, according to population density or rate of 
growth, or according to health or economic indicators. Parr and Horan identify 25 factors to consider 
and they group these into five sets; economic, social, environmental, institutional and technical (see 
Table 3.3).
Parr and Horan’s guidelines were developed to assist with ‘process selection for sustainable wastewater 
management in industrialising countries’ with the assistance of the UK government’s Overseas 
Development Administration (ODA), now the Department for International Development (DFID). A 
case study carried out in the islands of the south-west Indian Ocean -  and focusing on Mauritius - was 
used to develop a ‘checklist containing all relevant factors for consideration in process selection’. The 
document has been a key reference since the inception of this research project in 1996. Small island 
states were studied because they ‘form discrete study areas of manageable proportions’ and because 
they ‘have particular characteristics which mean that effective wastewater management is of vital 
importance such as limited water resources, limited land availability, high population densities and 
fragile environments’.
3.2.2 A comparison of Mauritius and Jamaica
Parr and Horan’s (1994) main case study was Mauritius, but they indicate that the resulting principles 
can be ‘generally and usefully applied to any developing country’. In order to study how such 
guidelines might be interpreted by users elsewhere, we have carried out an equivalent study in Jamaica. 
Jamaica, with twice the population of Mauritius, is five times larger. Accordingly, it has a much lower 
population density, akin to that in the UK (figures for the UK are provided to allow for comparison). 
Population growth lies roughly midway between that in Mauritius and that in the UK, and mortality 
rates and life expectancy are similarly somewhere between the two. The indicators which buck this 
trend are Jamaica’s GNP per capita and its rate of growth. GNP per capita is only two thirds of that in 
Mauritius, and less than one tenth of that in the UK, while its growth (averaged over the period 1965- 
90) is negative. These indicators are detailed in Table 3.2.
Parameter Mauritius Jamaica UK
Area, km^ 1,865 10,991 245,000
Population, thousands, 1990 1,010 2,441 57,400
Population density, persons/km^ 542 222 234
Population growth, % per year (ayerage over 1985-90) 1.2 0.8 0.2
Under five mortality rate, per thousand liye births 29 25 10
Infant mortality rate, per thousand live births 22 20 18
Life expectancy at birth, years 70 73 76
GNP per capita, US$, 1990 2250 1510 16,100
GNP per capita growth, % (average over 1965-90) 3.2 -0.2 2.0
Table 3.2 Indicators on Mauritius, Jamaica and the UK (adapted from Parr and Horan, 1994) 
(Figures for Jamaica taken from USAID, 1998)
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Although their performance is quite different, the economies of Mauritius and Jamaica are similar in 
terms of structure, dependence on tourism and vulnerability. Socially, although there are differences in 
population density and growth rate, the two countries’ existing water supply and sanitation facilities, 
levels of health provision and desires for convenience are very similar. All are important factors in the 
selection of sanitation and wastewater management technologies, and suggest that solutions appropriate 
for Mauritius may be appropriate for Jamaica and vice versa. Those aspects of the environment which 
are important for the selection of treatment technology and for the siting of treatment facilities are also 
similar. Land availability is limited in both Mauritius and Jamaica, reef and lagoon areas are very 
significant and are the main areas at risk from water pollution. In both countries, the sources of water 
pollution are much the same.
Mauritius and Jamaica can be seen to be alike many ways. The key differences between the two 
countries are that Jamaica’s biggest environmental problems are associated with unplanned settlements 
and a lack of wastewater collection. On the institutional side, plans, standards and legislation are better 
established in Jamaica while on the technical side, Jamaica has more wastewater treatment works than 
Mauritius, though perhaps not as many might be expected given the two countries’ respective 
populations. This last disparity is perhaps related to the fact that financial assistance for the 
development of infrastructure is less forthcoming to Jamaica, for various reasons. The above 
discussion is summarised in Table 3.3. Again, equivalent details for the UK are given to allow for 
comparison.
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Factors Mauritius Jamaica UK
Economic
Industrialisation Considerable Considerable High
Agriculture Much (sugar) Much (sugar, coffee) Much
Tourism Significant Very significant Significant
Financial assistance Much -  very credit worthy Limited, fi"om 
international agencies
None
Economic vulnerability High High Low
GNP/capita Lower-middle income Lower-middle income High
Social
Population density Very high High High
Population growth rate Average Medium Low
Water supply and sanitation facilities Average Average Excellent
Health provision Good Good Excellent
Desires for convenience High High Very high
Environment
Land availability Limited Limited Limited
ReeFlagoon areas Very significant Very significant None
Water supply problems Demand Demand, pollution of 
groundwater resources
Increasing demand
Water pollution sources Domestic, industrial, 
agriculmral, tourist
Domestic, industrial, 
agricultural, tourist
Domestic, industrial, 
agricultural
Areas at risk Lagoon, groundwater Reefs, groundwater Rivers, bathing waters
Biggest environmental problems Associated with rapid 
industrial growth and 
population density
Associated with 
unplanned settlements, 
lack of wastewater 
collection, eutrophication
Associated with 
combined sewer 
overflows in times of 
storm
Institutional
Environmental plans Recently completed In place Long established
Land use plans Forthcoming In place Long established
Discharge standards In place In place Long established
Legislation Recently reviewed In place Long established, 
European legislation 
becoming more important
Enforcement Little, but increasing Difficult with limited 
resources
Satisfactory
Manpower Good for small country, 
but lacking experience
Good Excellent
Technical
Number of wastewater treatment 
works
36 49 operated by NWC 
(plus those installed by 
private developers)
7645
Performance Generally poor Generally poor Good
Table 3.3 Summary of the characteristics of Mauritius, Jamaica and the UK 
(adapted from Parr and Horan, 1994)
We feel that Jamaica and Mauritius are sufficiently alike for the decision making framework proposed 
by Parr and Horan on the basis of their study of Mauritius to be relevant to Jamaica. The differences 
outlined, however, are enough to suggest that the framework needs to be interpreted by stakeholders 
familiar with the Jamaican situation. As such, we feel that the knowledge which we have collected in 
the case study described in the following section can be classed as emergent, that is, held by 
stakeholders and used to interpret repositories of knowledge according to the context or the region in 
which they are being applied.
43
3.2.3 Stakeholders in the planning of urban wastewater management
Repositories of knowledge such as engineering guidelines or codes of practice are interpreted 
according to where, when and by whom they are being applied. The additional knowledge used to 
interpret them can be thought of as emergent knowledge. In order to study how such guidelines are 
interpreted and to collect this emergent knowledge, one can consult with the stakeholders who are 
familiar with a region or context.
Though the infrastructure for UWM in cities across the world takes on many different forms, and 
though no two cities are alike, it is possible to postulate a general model of the stakeholders in the 
planning process. There are specialist government agencies, usually with a regulatory responsibility. 
There are autonomous utilities -  in some countries part of the state sector, in others part of the private 
sector -  who are responsible for service delivery and financial and engineering management of the 
infrastructure for UWM. Other key stakeholders are the consultants and contractors employed to carry 
out particular aspects of the UWM process - from design and construction of infrastructure through to 
its operation and maintenance. Of great importance, of course, are the householders who use these 
services and the local government bodies and/or community based organisations (CBO’s) who 
represent them. In the latter half of the 20* Century, new groups of stakeholders have come to 
prominence. International agencies such as the World Bank and the United Nations have become 
involved (as have international finance houses) while in the last 25 years all of the above classes have 
been joined by a group of non-governmental organisations (NGO’s) many of whom are members of 
what can be broadly classified as the environmental movement. The latter range from large 
international organisations such as Greenpeace to smaller ‘grassroots’ organisations made up of 
concerned citizens.
Tayler, Colin and Parkinson’s (20(X)) model of the stakeholders in sanitation and wastewater 
management includes householders, community groups or community based organisations (CBO’s), 
NGO’s, private sector organisations, local government organisations, specialist government agencies 
and international agencies. Our models are in agreement, except that we find it helpful to distinguish 
between the types of private sector organisations involved (i.e. consultants and contractors, utilities) 
and to group householders and CBO’s together. Though they can be considered NGO’s in the strictest 
sense of the term, we also include a separate category for the professional bodies that develop standards 
and codes of practice (see Figure 3.2).
Each of these identified stakeholders will hold some knowledge which is of importance to the planning 
process. Though such things as group dynamics and economic motivation are of interest here, our 
focus is upon how knowledge is distributed amongst the stakeholders, and we are interested in how it 
can be acquired, analysed and disseminated further.
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Figure 3.2 Stakeholders in the planning of urban wastewater management
During our first pilot study, a typical UWM project was discussed by a consulting engineer 
(responsible for one aspect of the design of the project) and by the senior design engineer from the 
utility company (responsible for implementing the project). As became apparent during this study, and 
as is indicated in Figure 3.3 below, though these stakeholders held important facets of the knowledge 
of the domain they were representative of only two of the stakeholder groups we have identified. We 
felt that in our main case study we should consult representatives of as many of these groups as 
possible, so as to investigate how the distributed knowledge of such a broad domain might managed in 
practice.
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Figure 3.3 Stakeholders consulted in pilot study, Portsmouth
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During our main case study in Kingston we were able to consult representatives of all but one of the 
stakeholder groups we have identified. From the Office of the Prime Minister to specialist government 
agencies such as the Water Resources Authority and the Natural Resources Conservation Authority; 
from the National Water Commission, Jamaica’s water and sewerage utility, to Carib Engineering 
Corporation, one of their major contractors; and from the European Commission’s delegation in 
Kingston to Jamaica’s Institute of Engineers; we were able to collect knowledge of the domain of 
UWM from many different perspectives (see Figure 3.4). Though we cannot claim to have the 
complete picture, this enabled us to see how knowledge was distributed amongst these stakeholders and 
made possible the investigation of how this knowledge might subsequently be brought together and 
disseminated to support the planning process.
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Ministry of Environment and Housing 
Water Resources Authority 
Natural Resources Conservation Authority 
Environmental Control Division
Specialist
Government
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Carib Engineering Corporation 
National Housing Development Corporation 
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& CBO’s Construction Resources Development CentreUtilitiesNational Water Commission
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NGO’s
International
Agencies
Sanitation Support Unit 
Sanitation Task Force
Planning Institute of Jamaica 
Jamaican Institute of Engineers
European Commission 
United Nations
Figure 3.4 Stakeholder organisations consulted in case study, Kingston
Not only were we able to elicit the opinions of the representatives of 16 stakeholder organisations, but 
the 18 individuals consulted were all senior members of these organisations and were able to share with 
us their knowledge of UWM at the level of planning and policy making. In the Office of the Prime 
Minister, Mrs Jacqueline daCosta, senior advisor to the Prime Minister on Land Policy and Physical 
Development was consulted. Amongst the contractors and developers from whom knowledge was 
elicited were Everton Hunter, Managing Director of Carib Engineering Corporation, the organisation 
responsible for building much of Jamaica’s water and wastewater infrastructure, and Chris Shaw, Head 
of Technical Services at the Urban Development Corporation, responsible for the regeneration of many 
urban areas and for both social development projects and large commercial ventures. Those 
representing specialist government agencies consulted were Learie Miller, Deputy Executive Director
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of Jamaica’s Natural Resources Conservation Authority, and Basil Fernandez, Managing Director of 
Jamaica’s Water Resources Authority, responsible for the monitoring and maintenance of water 
resources and for licensing abstractions. At the European Commission’s offices in Kingston, Peter 
Collins, their Technical Expert on Water and Sanitation with responsibility for the application of the 
EC guidelines to projects being funded in Jamaica described his work. At the offices of Jamaica’s 
water and sewerage utility, the National Water Commission, knowledge was elicited from the four key 
members of the corporate and strategic planning department responsible for the long term strategy of 
the organisation and accordingly, for major investments in UWM infrastructure. At the other end of 
the spectrum, Stephen Hodges, a key figure in the provision of sanitation to low-income, informal 
settlements and the co-ordinator of the Sanitation Task Force was interviewed. These and the other 
stakeholders consulted are detailed in Table 3.4 below.
Date Interviewee(s) Position of interviewee
12/07/99 • Jacqueline daCosta • Senior Advisor to the Prime Minister of Jamaica on Land Policy and Physical 
Development, Land Policy Unit, Office of the Prime Minister
13/07/99 • Charles Green • Senior Design Engineer, National Housing Development Corporation Ltd
14/07/99 • Stephen Hodges • Former Head of Construction Resources Development Centre and Sanitation 
Support Unit, now co-ordinates Sanitation Task Force (all NGO’s)
14/07/99 • Vernon Barrett
• Albert Gordon
• Jacqueline Cameron
• Deika Morrisson
• President, Corporate and Strategic Planning Department, National Water 
Commission
• Vice President, Corporate and Strategic Planning Department, National Water 
Commission
• Corporate Planning Manager, National Water Commission
• Co-ordinator of Special Projects and Public/Private Sector Development, 
National Water Commission
15/07/99 • Everton Hunter • Managing Director of Carib Engineering Corporation Ltd
16/07/99 • Leonie Barnabie
• Diana Senior
• Senior Director of Environmental Protection and Control Division, Ministry of 
Environment and Housing, Government of Jamaica
• Junior Civil Engineer, Ministry of Environment and Housing, Government of 
Jamaica
16/07/99 • Desmond Munroe • Senior Engineer, Environmental Control Division, Government of Jamaica
16/07/99 • Learie Miller • Deputy Executive Director, Namral Resources Conservation Authority, 
Government of Jamaica
20/07/99 • Peter Collins • Technical Expert on Water and Sanitation, European Commission (Jamaica 
Delegation)
20/07/99 • Cowell Lynn
• Garth Jackson
• President, Jamaican Institute of Engineers and National Project Co-ordinator 
(United Nations Planning and Management of Heavily Contaminated Bays in 
the Wider Caribbean)
• Head of Northern Jamaica Development Project, Planning Institute o f Jamaica
21/07/99 • Chris Shaw
• Peter Morris
• Head of Technical Services, Urban Development Corporation
• Chief Engineer, Urban Development Corporation
21/07/99 • Basil Fernandez • Managing Director, Water Resources Authority
Table 3.4 The positions of the stakeholders consulted in Kingston
3.2.4 The need for a partially automated method of acquiring knowledge from stakeholders
Our main case study allowed us to gather knowledge of UWM from across the whole range of 
stakeholders across a single city. Because the stakeholders consulted held senior positions within their 
respective organisations, they held considerable experience of the planning of infi"astructure for UWM. 
As expected, it was apparent that the knowledge of the domain was effectively distributed amongst the 
stakeholders consulted. Some were more familiar with economic factors of importance than with 
appropriate technologies. Others knew more about the effects of these systems upon the environment 
than about their social acceptability.
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The knowledge acquired in Kingston has been analysed and compared and contrasted with two key 
framework documents, representative of the extant knowledge of the domain. The stakeholders 
consulted hold knowledge that is complementary to these repositories of knowledge and which can be 
used to interpret them for application in Kingston. As has been stressed throughout, this knowledge 
can be classed as emergent. Because the situation in Kingston is similar to that in cities elsewhere, and 
because this emergent knowledge describes how to plan more sustainable systems of infrastructure for 
UWM, it is of interest to those in UWM in developing countries. These findings are described in detail 
in Chapter Four.
Perhaps more significant, however, is the means by which this knowledge has been collected and the 
potential there is for it to be analysed, reformatted and disseminated automatically. We began by 
describing how the impact of urban growth upon the natural environment was a worldwide phenomena. 
There are bigger cities, with more stakeholders and more complex environmental problems than 
Kingston. Nevertheless, they will typically conform to the model presented, in that knowledge of the 
domain will be distributed amongst the stakeholders and that it will be of value to fellow stakeholders 
in planning and policy making.
The larger the city, the greater the need for a systematic approach to the acquisition, analysis and wider 
dissemination of knowledge amongst stakeholders. In the remainder of Chapter 3 we describe a 
method for the partially-automated acquisition of knowledge from text. We show how this can be used 
to mark-up the knowledge bearing contents of text documents including framework documents and 
verbal reports, and present a prototype DSS to enable these knowledge rich documents to be distributed 
across electronic networks to all stakeholders, including planners and policy makers. This method is 
dependant only upon the knowledge of the domain being expressed using language which is special to 
that domain. Though largely unrecognised except in pejorative discussion of scientific jargon, this is 
true of the majority of technical, scientific and engineering domains. As such, we feel the method 
presented is widely applicable.
3.3 A partially automated methodology for knowledge acquisition
3.3.1 Discovering and revising domain knowledge and the generation of corpora
For the typical knowledge acquisition methodology to proceed, the knowledge engineer has in a sense 
to discover the domain in which he or she is interested -  the key terms of the domain, the salient 
features and the important sources of knowledge. Domain practitioners are one important source of 
knowledge, and psychological interviewing techniques, primarily overview and focused interviews, 
may be used to seek the elaboration of key terms and to get an appreciation of the salient domain 
features from these individuals, while brainstorming may be used to elicit knowledge held within 
groups of practitioners. A second source of knowledge is the textual archive of the domain and the
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knowledge engineer may consult specialist dictionaries or may analyse the textual archive of the 
domain to identify objects, concepts and the relations between them.
The two sources will typically be used concurrently. Structured interviews may be carried out for the 
purpose of eliciting problem solving tasks and heuristics, and the transcripts of these interviews, 
together with guidelines, manuals and other elements of the textual archive of the domain may be 
analysed to extract these heuristics and to generate a preliminary knowledge base. Ahmad et al (1991) 
have previously defined this as the discovery phase in which the knowledge engineer leams 
terminology, outlines the scope of the problem, identifies problem solving heuristics, produces a paper 
knowledge base and effectively animates the acquired knowledge.
The interaction between a knowledge engineer and an experienced practitioner has an in-built creative 
tension: experts are usually good at reaching the crux of a problem and dextrously articulating the 
solution. In so doing, they suppress irrelevant information and hide extraneous detail, and effectively 
provide a knowledge engineer with a trace of their knowledge. The complicated details of the domain 
ontology are, for instance, carefully packaged away to produce an if...then rule or to suggest a broad 
task like ‘diagnosis’ or ‘monitoring’. Furthermore, terminology can be deceptively simple and a 
knowledge engineer may need to spend a lot of time working with and analysing the texts of a domain 
in order to have a firm grasp of the terms. Perhaps the same is more true of the rules. When coded into 
a computer system, both the objects (linguistically encoded as terms) and the rules (relating these 
objects) represent the trace of a knowledge engineer’s understanding of the domain. So, effectively, a 
knowledge based system is based on the trace (of a trace) of the knowledge held by the practitioner. It 
is therefore important to refine the knowledge acquired in the discovery phase by undertaking one or 
more revision phases.
In the revision phase the knowledge engineer revises domain terminology and understands the domain 
features better; constrains the scope of the problem and is more selective about the knowledge sources 
both human and textual; verifies the problem solving tasks and heuristics elicited; and finally, validates 
the knowledge in his or her knowledge base. The revision phase can be supported by overview type 
interviews or by brainstorming sessions for terminology elaboration, by focused interviews for 
constraining the scope of the problem, and by structured interviews for verification and validation of 
knowledge. Figure 3.5 summarises the discovery and revision phases of a typical knowledge 
acquisition methodology. The techniques used to support the methodology are given to the right.
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OBJECTIVES TECHNIQUES USED
Domain Terminology
Revise ^►
Salient domain features
Scope of the problem
Outline Constrain
Further knowledge sources
Problem-solving tasks
VerifyIdentify >►
Domain objects
Preliminary knowledge base
Produce/
Animate
Validate► Rules and heuristics
Overview interview
Consult textbooks
Brainstorming
Focused interviews
Literature review
Structured interview
DISCOVERY PHASE REVISION PHASE
Figure 3.5 The discovery and revision phases of a typical knowledge acquisition methodology
(from Ahmad et al, 1991)
It is possible for the typical knowledge acquisition methodology described to be followed by hand. A 
knowledge engineer need only study textbooks, guidelines and other elements of the documented 
knowledge of the domain, conduct overview, focused and structured interviews and analyse the 
resulting transcripts in the light of this documented knowledge. In so doing, however, an archive of 
text documents will be generated; comprising textbooks and guidelines, journal articles, legislation, 
policy and other framework documents as well as the transcripts of overview, focused and structured 
interviews carried out. Such collections of text documents can be considered corpora. They can be of 
value to a knowledge engineer even if he or she does not have the time to study their contents. But 
how?
A corpus is a body of text sampled to be representative of a language or variety of language. The use 
of software tools to analyse large corpora has allowed linguists to see phenomena and to discover 
patterns which were not previously suspected. It has become evident, for example, that linguistic 
structure is pronounced in the language used by experts in narrowly defined domains. This so called 
language for special purposes (LSP) exhibits more restricted sentence patterns and less ambiguously 
defined and used vocabulary than does the language of everyday use, in this context known as 
language for general purposes (LGP).
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Discussion in the recent literature on LSP as to the most appropriate methods to use to facilitate the 
extraction of terminology, for example, has taken place (see Ahmad and Rogers, 1999). It will suffice 
to say here that specialist terms are used more frequently in LSP than in LGP. In addition, that the 
probability of finding two or more words used contiguously is relatively high in LSP. Thus, there are 
statistical techniques based upon the frequency of usage of single words and the probability of words 
occurring together that can be used in identifying terms.
By applying to corpora software tools for the analysis of language, they can be used to assist a 
knowledge engineer in learning terminology, in outlining the scope of the problem, in identifying 
problem solving heuristics and in producing a preliminary knowledge base. That is, in the discovery of 
the knowledge of the domain. In that these corpora can also be studied to help a knowledge engineer to 
revise, constrain, verify and validate this knowledge, they can also assist in the revision phase 
discussed.
Because the analysis of corpora can reveal structures used to encode knowledge within texts, and 
because these structures can be operated upon by computer programs, a corpus based approach to 
knowledge acquisition is one which can be partially automated, and which can facilitate the 
management of knowledge. It is therefore one which deserves to be explored in the light of findings 
from our pilot studies, which suggest that any degree of automation which can be introduced to the 
process whereby knowledge is acquired, represented and disseminated will facilitate the management 
of the aquatic environment.
In generating our own corpora, we have made a distinction between guidelines, textbooks, legislation 
and journal papers representative of the extant, documented knowledge of a domain (in this case 
UWM) -  the mother corpus - and the transcripts of the interviews representative of the knowledge held 
by stakeholders which may or may not have been documented previously - the transcript corpus. Both 
of our corpora are composed of machine readable texts, and their analysis has revealed structure of the 
type discussed. In short, we have gathered evidence that those in UWM use a special language.
3.3.2 Linguistic structure at the lexical level
LSP texts can be analysed at a number of different levels including the lexical, the morphological, the 
syntactic and the semantic. The first of these, the lexical level, is the level of individual words. To 
understand how terms can be extracted from special language texts, one can study the differences 
between a corpus representative of the language used in a specialist domain such as our mother corpus 
and a corpus representative of general language use such as the Longman/Lancaster Corpus (LLC) of 
Contemporary English (see Summers, 1993). By comparing the one hundred most frequently 
occurring words in the respective corpora, one can see at a glance that open class words (such as 
nouns, verbs, adjectives and adverbs) are more common in LSP than in LGP. Accordingly, closed
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class words (such as determiners, conjunctions, prepositions, pronouns and modal verbs) appear more 
frequently in LGP (see Tables 3.5a and 3.5b).
Most frequently occurring words in the LLC (over 30 million words) % of Corpus Cumulative %
the, of, and, a, in, to, it, is, was, to 21.28% 21.28%
i, for, you, he, be, with, on, that, by, at 6.66% 27.94%
are, not, this, but, they, his, from, had, she, which 4.35% 32.29%
or, we, an, were, that, been, have, their, has, would 3.25% 35.54%
what, will, there, if, can, all, her, as, who, have 2.42% 37.96%
do, that, one, said, them, some, could, him, into, its 1.90% 39.86%
then, two, when, up, time, my, out, so, did, about 1.57% 41.43%
your, now, me, no, more, other, just, these, also, people 1.37% 42.80%
any, first, only, new, may, very, should, as, like, her 1.18% 43.99%
than, as, how, well, way, our, as, between, years, many 1.02% 45.01%
Table 3.5a The 100 most frequently occurring words in the Longman/Lancaster Corpus
(27 open class words shown in bold)
Most frequently occurring words in our mother corpus (1 427 416 words) % of Corpus Ciunulative %
the, of, to, and, in, a, for, or, be, is 25.98% 25.98%
by, that, as, any, water, this, on, with, are, shall 7.10% 33.08%
which, may, authority, from, an, it, such, not, under, section 4.24% 37.32%
have, other, at, if, sanitation, above, act, has, order, can 2.82% 40.14%
should, where, been, local, will, land, uk, so, paragraph, made 2.28% 42.42%
urban, use, development, all, person, environmental, management, project, more, state 1.90% 44.32%
there, these, subsection, than, mailbase, they, part, application, flow, areas 1.58% 45.90%
their, time, area, into, respect, used, system, purposes, out, drainage 1.43% 47.33%
no, was, provisions, within, one, systems, also, relation, but, works 1.32% 48.65%
data, notice, licence, required, schedule, secretary, level, those, subject, its 1.23% 49.88%
Table 3.5b The 100 most frequently occurring words in our mother corpus 
(56 open class words shown in bold)
The open class words which appear more frequently in special languages than in general language use 
are of interest to the knowledge engineer because they often represent important objects or concepts 
within the specialist domain, and can be considered candidate terms. We have compared the relative 
frequency of each word in our mother corpus with the relative frequency of that word in the LLC. The 
words in the first column of Table 3.6 below are the 20 most frequently occurring open class words in 
our mother corpus (cf. Table 3.5b), ordered according to absolute frequency. The third and fourth 
columns give their relative frequencies in the mother corpus and in the general language corpus 
respectively. The fifth column shows the ratio of these two figures, or the ‘weirdness’ of each word.
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Word Absolute
Frequency
Relative LSP Frequency 
(Absolute Frequency/
Total Words in LSP Corpus)
Relative LGP Frequency 
(Absolute Frequency/
Total Words in LGP Corpus)
Weirdness 
(LSP Frequency/ 
LGP Frequency)
be 17480 1.22E-02 5.90E-03 2.07
is 16765 1.17E-02 9.09E-03 1.29
water 10450 7.32E-03 4.77E-04 15.35
are 8565 6.00E-03 3.91E-03 1.53
shall 7609 5.33E-03 2.23E-04 23.89
may 6945 4.87E-03 l.llE -03 4.37
authority 6588 4.62E-03 9.31E-05 49.57
section 5062 3.55E-03 8.14E-05 43.59
have 4430 3.10E-03 3.95E-03 0.79
sanitation 3664 2.57E-03 7.09E-06 362.17
act 3470 2.43E-03 1.86E-04 13.07
has 3296 2.31E-03 1.81E-03 1.28
order 3292 2.31E-03 3.09E-04 7.47
can 3148 2.21E-03 2.15E-03 1.03
should 3061 2.14E-03 8.87E-04 2.42
been 2866 2.01E-03 2.40E-03 0.84
local 2815 1.97E-03 1.84E-04 10.73
will 2810 1.97E-03 1.75E-03 1.13
land 2743 1.92E-03 1.93E-04 9.96
uk 2708 1.90E-03 4.98E-05 38.09
Table 3.6 The 20 most frequently occurring open class words in our mother corpus: A
comparison of their relative frequencies in our mother corpus and in the general language LLC
Generally, the weirdness of a word can be seen to relate to its significance to a specialist domain. The 
20 most frequent open class words extracted previously, when arranged in descending order of 
weirdness, illustrate this point: the weirdest terms are sanitation, paragraph, authority, section, UK, 
shall, water, local, land, order, may, should. These are all of significance to the domain of UWM, 
many reflecting the legislation included in the mother corpus. Appearing only slightly more frequently 
than they do in general language are be, are, is, has, will and can, while been and have, though 
amongst the 20 most frequently appearing open class words in our mother corpus, can be seen to 
appear less frequently there than in general language use.
Also indicative of special language use and often representative of objects and concepts in specialist 
domains are compound terms, methods for the extraction of which are discussed in Ahmad and Rogers
(1999). Though many of those compound terms which are found in the domain of UWM are used in 
general language (examples being subsection, stakeholder, watercourse, groundwater, borehole, 
downstream and ,framework) they are used much more frequently in special language. Some of the 
compound terms found frequently in UWM that do not appear at all in the LLC are stakeholders, 
wastewater, hydrograph and ecosystems. Table 3.7 below shows how the relative frequencies of these 
terms in our mother corpus compare with their relative frequencies in the LLC. They are arranged in 
descending order of weirdness.
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Term Absolute
Frequency
Relative LSP Frequency 
(Absolute Frequency/
Total Words in LSP Corpus)
Relative LGP Frequency 
(Absolute Frequency/
Total Words in LGP Corpus)
Weirdness 
(LSP Frequency/ 
LGP Frequency)
stakeholders 411 2.88E-04 0 Infinite
wastewater 317 2.22E-04 0 Infinite
hydrograph 157 l.lOE-04 0 Infinite
ecosystems 111 7.78E-05 0 Infinite
subsection 2090 1.46E-03 1.26E-06 1160.08
stakeholder 158 l.llE -04 9.71E-08 1140.09
watercourse 248 1.74E-04 1.94E-07 894.76
subsections 124 8.69E-05 9.71E-08 894.76
groundwater 351 2.46E-04 3.88E-07 633.18
borehole 285 2.00E-04 4.85E-07 411.3
watercourses 139 9.74E-05 2.91E-07 334.33
downstream 328 2.30E-04 0 76.35
infrastructure 299 2.09E-04 3.30E-06 63.46
upstream 265 1.86E-04 3.11E-06 59.76
households 333 2.33E-04 7.77E-06 30.04
guidelines 235 1.65E-04 7.57E-06 21.74
underground 346 2.42E-04 1.44E-05 16.87
household 493 3.45E-04 2.65E-05 13.03
framework 336 2.35E-04 2.54E-05 9.25
background 138 9.67E-05 4.70E-05 2.06
Table 3.7 The 20 most frequently occurring compound terms in our 
comparison of their relative frequencies in our mother corpus and in the
mother corpus: A 
general language LLC
The key point to remember is that judgements about language correlate well with frequency measures. 
As such, the structures exhibited at the lexical level which are grounded in these frequency measures 
can be exploited to allow the terminology of specialist domains to be identified automatically. 
Amongst the 7499 words within our mother corpus which do not appear in the LLC (and which 
therefore have an infinite measure of weirdness) are the terms sustainability, pollutant, ecosystems, 
sewered, environnement and drainfield. As researchers with some knowledge of the domain, we know 
these words to be important in the domain of UWM and we know of other important terms with the 
same roots. By looking at the linguistic variation of roots (or lemma) such as sustain, pollute, eco, 
sewer, environment and drain, that is, by studying texts at the morphological level, we can see how the 
structures which can be found are used to encode knowledge. These structures too can be exploited to 
facilitate the automatic identification of terminology.
3.3.3 Linguistic structure at the morphological level
An inspection of the morphological variance of some of the key terms used in our mother corpus 
reveals some interesting characteristics of the way language in used in specialist domains. The 
morphological variants of the lemma, pollute, are revealing. Pollute is used as a verb and as such it has 
its ‘inflexional variants’, polluted, polluting and pollutes. In addition, and perhaps most importantly, 
we see the ‘derivational variants’ of pollute, particularly the nouns pollution, polluter and pollutant and 
their plurals pollutions, polluters and pollutants (inflexional variants preserve grammatical category but
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derivational variants are of a different class). We also find a compound term, pollutographs. The 
weirdness of all of these morphological variants is high, suggesting that they are important to the 
domain of UWM (see Table 3.8). The lemma, drain, exhibits a similar number of morphological 
variants. It is used both as a noun and as a verb, and so its inflexional variants include drains, draining 
and drained. Key derivational variants are the nominalisation of the verb, drainage, its plural 
drainages, and the compound terms drainfield and drainageway. The lemma sewer is also used as both 
a noun and a verb. Its inflexional variants are sewers and sewered, and its derivational variant is the 
nominalisation of the verb, sewerage. The lemma sustain, used as a verb, has as its inflexional variants 
sustains, sustaining and sustained and as its derivational variants the adjective sustainable, the adverb 
sustainably and the noun, sustainability.
Term Absolute
Frequency
Relative LSP Frequency 
(Absolute Frequency/
Total Words in LSP Corpus)
Relative LGP Frequency 
(Absolute Frequency/
Total Words in LGP Corpus)
Weirdness 
(LSP Frequency/ 
LGP Frequency)
pollutant 142 9.95E-05 0 Infinite
polluters 7 4.90E-06 0 Infinite
pollutographs 1 7.01E-07 0 Infinite
pollutants 188 0.000132 2.91E-07 452.19
polluting 87 6.09E-05 2.91E-07 209.26
polluter 14 9.81E-06 9.71E-08 101.02
pollution 1011 0.000708 8.06E-06 87.89
pollute 15 1.05E-05 2.91E-07 36.08
polluted 76 5.32E-05 1.65E-06 32.26
pollutions 2 1.40E-06 9.71E-08 14.43
drainfield 7 4.90E-06 0 Infinite
drainfields 1 7.01E-07 0 Infinite
drainageways 1 7.01E-07 0 Infinite
drainageway 1 7.01E-07 0 Infinite
drainages 1 7.01E-07 0 Infinite
drainage 1817 0.001273 4.95E-06 257.08
drains 127 8.90E-05 3.5E-06 25.46
draining 57 3.99E-05 3.5E-06 11.42
drain 112 7.85E-05 2.07E-05 3.79
drained 49 3.43E-05 1.13E-05 3.05
sewered 17 1.36E-05 0 Infinite
sewerage 590 4.73E-04 1.94E-07 2440.57
sewer 625 5.01E-04 3.57E-06 140.28
sewers 391 3.14E-04 3.02E-06 104.06
sewage 386 2.70E-04 3.30E-06 81.92
sustainability 799 5.60E-04 0 Infinite
sustainably 6 4.20E-06 0 Infinite
sustainable 848 5.94E-04 2.91E-07 2039.66
sustained 136 9.53E-05 1.92E-05 4.96
sustaining 17 1.19E-05 2.52E-06 4.72
sustain 43 3.01E-05 7.09E-06 4.25
sustains 8 5.60E-06 1.65E-06 3.40
Table 3.8 The relative frequency of 4 selected keywords and their morphological variants
in our mother corpus (The lemmas are shown in hold in the first column)
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Study of the lemma environment and its morphological variants reveals more interesting patterns still. 
The noun is used in the plural, and also acts as the basis for the adjective environmental and the adverb 
environmentally. We also find the new word, or neologism, environmentalist. Curiously, the French 
word environnement (from which the English term derives) appears 14 times in our mother corpus. 
Upon inspection, this can be seen to relate to the fact that a leading figure in the domain of 
hydroinformatics finds the English term insufficient. The borrowing of foreign languages to form 
neologisms has a long history, though reverting to the original form is less common.
Term Absolute
Frequency
Relative LSP Frequency 
(Absolute Frequency/
Total Words in LSP Corpus)
Relative LGP Frequency 
(Absolute Frequency/
Total Words in LGP Corpus)
Weirdness 
(LSP Frequency/ 
LGP Frequency)
environnement 14 9.81E-06 0 Infinite
environmentally 118 8.27E-05 2.91E-07 283.82
environmental 2259 1.58E-03 1.50E-05 105.16
environment 996 6.98E-04 7.24E-05 9.63
environments 41 2.87E-05 5.83E-06 4.93
environmentalists 2 1.40E-06 3.88E-07 3.61
environmentalist 2 1.40E-06 3.88E-07 3.61
Table 3.9 Morpbological variants of environment found witbin our mother corpus
Lexicographers have noted that new words are formed in three ways; by addition (such as 
compounding, blending and affixation) by reduction (abbreviation, shortening) or by processes which 
are neither (semantic change, coinages, conversions or loans). Ahmad (2000) describes the emergence 
of neologisms in a number of fields of science and technology, and points out that the phenomena 
demonstrates the ability of language to undergo and to sustain change. Significantly, such neologisms 
(and especially those formed by prefixation) can be seen to represent objects and concepts which are at 
the forefront of understanding, that is, indicative of emergent knowledge. Table 3.10 below shows how 
the prefix eco is used within our mother corpus. Such concepts as ecofeedback and ecomanagement 
are undoubtedly recent phenomena, as are the terms ecodevice, ecolabel, ecosanitation and ecovillage. 
Sometimes prefixed neologisms are formed using hyphens, sometimes they are not. Examples of the 
former include eco-volunteers and eco-sustainable. Eco-san, an abbreviation of ecological sanitation 
occurs in both forms. Note that ecology, now firmly established in the Enghsh language, was once a 
neologism with its roots in the German okologie. The use of some of the neologisms identified will 
grow and they will become commonplace terms in the same way, while others will fail to catch the 
collective imagination and will gradually disappear from use.
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Term Absolute
Frequency
Relative LSP Frequency 
(Absolute Frequency/
Total Words in LSP Corpus)
Relative LGP Frequency 
(Absolute Frequency/
Total Words in LGP Corpus)
Weirdness 
(LSP Frequency/ 
LGP Frequency)
eco-san 126 8.83E-05 0 Infinite
ecosystems 111 7.78E-05 0 Infinite
eco-system 7 4.90E-06 0 Infinite
ecosan 6 4.20E-06 0 Infinite
eco-systems 3 2.10E-06 0 Infinite
ecofeedback 3 2.10E-06 0 Infinite
ecodevice 3 2.10E-06 0 Infinite
ecomanagement 1 7.01E-07 0 Infinite
ecolabel 1 7.01E-07 0 Infinite
ecosanitation 7.01E-07 0 Infinite
ecovillage 1 7.01E-07 0 Infinite
eco-volunteers 1 7.01E-07 0 Infinite
eco-sustainable 1 7.01E-07 0 Infinite
ecotoxicology 1 7.01E-07 0 Infinite
ecosystem 63 4.41E-05 6.80E-07 64.94
ecological 304 2.13E-04 4.95E-06 43.01
ecology 78 5.46E-05 1.55E-06 35.18
ecologist 5 3.50E-06 2.91E-07 12.03
ecologically 11 7.71E-G6 6.80E-07 11.34
ecologists 3 2.10E-06 5.83E-07 3.61
Table 3.10 Use of tbe prefix eco witbin our mother corpus
A study of the morphological variance of only a few terms has revealed several instances of verbs or 
adjectives being nominalised, that is, used as a basis from which to derive nouns; from pollute has 
come pollution, from drain has come drainage, and from sustain has come sustainability. Halliday and 
Martin (1993) have remarked that verbs are regrammaticised in scientific discourse into nouns in order 
to create edifice, that is, ‘things’ which can be observed and experimented with. Hence, ‘is polluted’ 
often becomes something like ‘pollution is found in’ and ‘the area drains’ something like ‘drainage of 
the area occurs’. The practice is said to distinguish specialist scientific texts.
The key lesson as far as we are concerned is that repeated patterns, or structures, are evident in our 
mother corpus. As well as looking at the distribution of individual words within a corpus and 
extracting candidate terms, we can look at the lemma (or roots) of these candidate terms. By studying 
the distribution of the morphological variants of these lemma, we can learn more about the domain in 
which we are interested. Especially interesting for us is the fact that i) nominalisations discovered 
simply by looking for endings such as -tion, -sion, -age and -ity  can reveal important objects and 
concepts and that ii) emergent knowledge of a domain can often be identified because it is signalled by 
the use of neologisms (and particularly those created by prefixation).
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3.3.4 Linguistic structure at the syntactic level
Syntax is defined as the grammatical arrangement of words in a phrase or sentence, and by studying 
how words are used alongside one another, it is possible to discover more of the structures used to 
encode knowledge in LSP. Our interest in the structures evident in LSP is motivated by the search for 
meaning within text, or semantics. The morphological structure discussed in the preceding section 
gives rise to some semantics. Because they refer to more than one object, for example, plurals can be 
considered semantic variants. The use of plurals in LSP is important to us as knowledge engineers 
because they are often used to denote classes of objects and events. As such, study of the use of plurals 
and in particular, how they collocate, can lead to an understanding of domain ontology.
The plural sewers, for example, appears 391 times in our mother corpus. A collocation search shows 
the 20 most frequently occurring different collocations (excluding closed class words) with which it is 
found (see Table 3.11). Of these, many describe different classes of sewer, from feeder sewers to 
collector sewers, storm sewers to combined sewers and so on (others identified here include trunk, 
critical, public and private sewers). All represent important objects in the domain of UWM, and 
further exploration of the context in which they are found can help to build up knowledge of the 
domain. Similarly, the words with which the plurals pollutants, drains and environments are found 
frequently refer to different classes of these objects. In the same way, further study of these 
collocations may reveal more knowledge of the domain.
Collocations with ... (absolute frequency in parentheses)
sewers pollutants drains environments
trunk sewers (33) associated pollutants (9) storm drains (14) urban environments (2)
critical sewers (21) nps pollutants (9) water drains (7) natural environments (2)
storm sewers (18) potential pollutants (5) house drains (6) institutional environments (2)
public sewers (14) non-point source pollutants (4) sullage drains (6) private environments (2)
combined sewers (9) hazardous pollutants (4) scupper drains (6) arid environments (2)
collector sewers (8) conservative pollutants (4) land drains (4) volatile environments (2)
feeder sewers (7) remove pollutants (4) open drains (4) working environments (2)
foul sewers (6) point source pollutants (4) side drains (3) project environments (2)
waa sewers (6) chemical pollutants (3) maintain drains (3) similar environments (2)
area sewers (6) specific pollutants (3) large drains (2) procedural environments (1)
water sewers (5) related pollutants (3) blocked drains (2) household environments (1)
sanitary sewers (5) priority pollutants (3) surface drains (2) income environments (1)
important sewers (4) generated pollutants (3) urine drains (2) different environments (1)
modelled sewers (4) industrial pollutants (2) drains sewers (2) squalid environments (1)
diameter sewers (4) common pollutants (2) minor drains (1) hydrogeological environments (1)
core sewers (4) soluble pollutants (2) type drains (1) geohydrological environments (1)
spine sewers (4) runoff pollutants (2) gravity drains (1) financial environments (1)
sewers connecting (3) filter pollutants (2) highway drains (1) riverine environments (1)
private sewers (3) petroleum pollutants (2) build drains (1) short environments (1)
local sewers (3) dissolved pollutants (2) managed drains (1) polluted environments (1)
Table 3.11 Tbe 20 most frequent collocations witb wbicb tbe plurals of 4 key terms witbin our
mother corpus are found
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It will be apparent that where terms are found to collocate frequently, they often represent important 
objects or events within a domain. Though a machine is unable to judge the meaning of these 
collocations so as to distinguish between those which are representative of different classes of object 
and those which are not, the evidence from our mother corpus suggests that when these collocations 
appear with both the plural and the singular variants of a noun, they are more likely to be indicative of 
a class of object. This is evidenced in Table 3.12, showing the frequencies with which those 
collocations from the first column in Table 3.11 occur not only with the plural sewers but also with the 
singular sewer. These are sorted according to the frequency of occurrence of the collocation with the 
singular. Once again, judgements about language can be seen to correlate well with frequency 
measures, and it is from simple patterns like these that we can devise algorithms to not only extract 
candidate terms automatically from text but also to calculate some measure of their significance.
Collocations with... (absolute frequency in parentheses)
sewer sewers
public sewer (29) public sewers (14)
combined sewer (26) combined sewers (9)
trunk sewer (18) trunk sewers (33)
storm sewer (18) storm sewers (18)
critical sewer (7) critical sewers (21)
local sewer (4) local sewers (3)
foul sewer (3) foul sewers (6)
sanitary sewer (3) sanitary sewers (5)
collector sewer (2) collector sewers (8)
feeder sewer (2) feeder sewers (7)
water sewer (2) water sewers (5)
area sewer (1) area sewers (6)
diameter sewer (1) diameter sewers (4)
spine sewer (1) spine sewers (4)
private sewer (1) private sewers (3)
waa sewer (0) waa sewers (6)
important sewer (0) important sewers (4)
modelled sewer (0) modelled sewers (4)
core sewer (0) core sewers (4)
sewer connecting (0) sewers connecting (3)
Table 3.12 Collocations witb botb tbe plural sewers and tbe singular sewer in our mother corpus
Besides those words which collocate with plurals, frequent collocations with the other morphological 
variants of key terms often prove to be important. The 5 most frequent collocations with the variants of 
each of the 4 key terms discussed are shown in Table 3.13. Once again, frequency of use can be seen 
to be a reliable measure of the significance of words and phrases. This has proven to be the case at the 
lexical, morphological and syntactic levels. For us, the analysis described provides evidence to suggest 
there is a special language used by practitioners in the domain of UWM, and that the structures evident 
in this special language are clear enough to enable knowledge, in a restricted sense, to be automatically 
identified and extracted from the texts of the domain.
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Collocations with the variants o f ... (absolute frequency in parentheses)
sewer pollutant drain enyironment
sewerage undertaker (138) water pollution (91) land drainage (156) environmental health (98)
sewerage system (78) groundwater pollution (38) drainage board (140) environmental protection 
agency(75)
sewerage systems (42) pollutant loadings (34) drainage area (80) environmental impact (61)
sewer system (40) coastal non-point pollution 
(31)
drainage district (78) environmental protection 
(54)
sewer systems (38) pollution prevention (26) drainage system (63) environmental management 
(46)
sewage effluent (35) nonpoint pollution (19) urban drainage (59) environmental sanitation (42)
trunk sewers (31) transitional water pollution 
(15)
drainage boards (42) aquatic environment (37)
sewer network (29) nps pollution (14) drainage body (35) natural environment (34)
sewerage rehabilitation (28) environmental pollution (12) urban storm drainage (34) environmental impacts (34)
sewerage services (20) pollutant concentration (9) drainage systems (30) environmental sustainability 
(28)
storm sewers (17) pollutant removal (9) drainage network (26) environmental analysis (23)
conventional sewerage (17) polluted water (8) drainage purposes (21) environmental appraisal (21)
sewer overflows (15) nps pollutants (8) drainage system data (18) environmental monitoring 
(19)
storm sewage (14) pollution problems (7) urban drainage systems (15) environmental agency (19)
sewerage network (13) polluting discharges (7) storm drains (12) environmental perspectives 
(18)
sewage disposal (13) air pollution (6) drainage districts (12) environmental health project 
(13)
domestic sewage (12) river pollution (6) urban drainage modelling 
(10)
institutional environment 
(12)
condiminial sewerage (11) pollutant discharges (5) drainage networks (10) water environment (12)
sewerage schemes (10) pollutants generated (5) wastewater drainage (10) environmental pollution (12)
piped sewerage (10) transitional pollution (5) drainage areas (9) urban environment (11)
Table 3.13 Collocations witb tbe morpbological variants of 4 key terms witbin our mother corpus 
3.4 Investigations at tbe semantic level
3.4.1 Context analysis and tbe elaboration of terms
We have seen how the structures which are present at the lexical level in LSP can be exploited to 
enable the extraction of candidate terms which refer to objects and concepts within specialist domains, 
and how study of the morphological and syntactic levels can reveal further (multiple-word) terms and 
classes of object and can therefore help to build up domain ontologies. Once the terms which represent 
the pertinent objects, events and concepts within a domain have been identified, knowledge engineers 
must begin to look at the relationships between these objects, events and concepts in order to build up a 
model of the domain and an understanding of the problem solving behaviour employed by experienced 
practitioners. This requires that the wider context in which terms are found is explored.
Semantics is the branch of linguistics concerned with meaning and though we have seen how the 
morphological level gives rise to some semantics, the semantic level (at which one can interpret the 
meaning of language) is generally taken to be a distinct and more complex level founded on phrases, 
sentences and paragraphs rather than individual words. Much of the work on the extraction of meaning 
from text has focused upon the identification of semantic relations such as hyponomy, taxonomy, 
synonomy and antonymy. Cruse (1986) has introduced the idea of diagnostic frames, consisting of 
phrases which denote particular semantic relations. The phrase, “X is a kind of Y” , for example.
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denotes the relation of hyponomy. There are a number of ways in which this frame can be expressed 
within natural language, and the phrases, “X is a type of Y” or, “X is a species of Y” are other 
examples. Knowledge can be extracted from corpora by taking account of these diagnostic frames.
In many specialist domains, rather than refer back to first principles, and in order to save time, 
experienced practitioners employ rules of thumb or heuristics in solving problems or in making 
decisions and these can be considered semantic relations of one kind. Few of these rules are well 
documented, and they are often passed on from practitioner to practitioner and from expert to novice by 
word of mouth. It is sometimes only when practitioners are interviewed and asked to explain how they 
solve a given problem that such heuristics are articulated, and so the analysis of verbatim transcripts of 
such interviews can reveal them for the first time. Though in some cases the words if and then may 
actually be used by practitioners to frame heuristics, this is not always the case. Collections of 
linguistic cues equivalent to Cruse’s diagnostic frames which can identify semantic relations^in a text 
or discourse have been developed. The cues which might be used to encode heuristics is ,set out in 
Table 3.14 below.
affect
as a rule
as long as
assuming
because
customarily
due to
effect of
generally
hypothesis
if
then
in general
therefore
precondition
premise
provided
proviso
reason
regularly
rule of thumb
seldom
so that
to ensure
typically
unless
usually
when
normally
ordinarily
so
rarely
Table 3.14 Linguistic cues which are often used to signal heuristics
By searching for instances where terms occur in the vicinity (the same sentence or paragraph) of these 
linguistic cues, we are very quickly able to identify candidate heuristics which may or may not 
describe some aspect of the knowledge of the domain. Table 3.15 shows a number of passages of text 
which have been marked-up and extracted in this way, describing fragments of knowledge relating to 
objects or concepts previously identified.
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Candidate term 
+ semantic cues
Candidate fragments of knowledge
environmental protection
environmental
+generally
European Connaission (1998) : While the debate on water in 
the 1980s was largely focused on water and sanitation as 
adjuncts to public health, in the 1990s the scope of the 
debate dramatically expanded and the wider focus became 
the management and use of water as part of environmental 
protection and sustainable development. The lessons 
concerning water for meeting basic needs learned during 
the 1980s, especially the public health lessons, were 
still prominent. But the consensus surrounding those 
lessons began to merge with a wider consensus embracing 
water resources management generally, and reflecting 
environmental and economic concerns as well as good 
governance and the other elements of the post-Cold War 
development paradigm.________________________________________
pollution
sewage
ecosystems
+reasons
Es ray et al (1998) : There are many reasons for recycling 
the nutrients in excreta. Recycling prevents direct 
pollution caused by sewage being discharged or seeping 
into water resources and ecosystems. A secondary benefit 
is that recycling returns nutrients to soil and plants, 
and reduces the need for chemical fertilizers. It 
restores good soil organisms to protect plants, and it is 
always available locally, wherever people live.____________
sewerage
drainage
sewage
+rarely
Esray et al (1998) : Most urban growth is taking place in 
informal settlements where municipal governments are 
unwilling or unable to provide services such as piped 
water, sewerage, drainage and collection of garbage. 
Effective sewage treatment is so expensive that it is 
rarely achieved in practice, particularly in the fast- 
growing urban centres of developing countries. In 
consequence, low-income households rely on some kind of 
drop-and-store sanitation technology to deal with their 
needs.
environment
water pollution
sewerage
environmental
+typically
+generally
WELL (1999): Sanitation systems may pollute the
environment if not properly designed and maintained. Lack 
a primary cause of river water 
situations in developing countries.
of sanitation is 
pollution. In many
sanitation systems may be based on off- site collection 
systems (sewerage, typically), but without subsequent 
proper treatment or disposal of the collected wastes. The 
generally accepted estimate is that less than 2 per cent 
of the domestic and industrial wastewater generated in 
developing countries receives any kind of treatment 
before being discharged to the surrounding land or water. 
This has resulted in serious degradation which 
environmental programmes need to address.___________________
Table 3.15 Candidate fragments of knowledge extracted from our mother corpus on the 
basis of the proximity of candidate terms (bold underlined) and semantic cues (bold) which
suggest the presence of heuristics
3.4.2 The identification of emergent knowledge
It will have become clear that the structures present in LSP texts which are used to encode meaning and 
are therefore of interest to knowledge engineers are generally only discernible when corpora of 
different genres are referenced against one another. We have described how a corpus of LSP can be 
compared with a corpus of LGP. This comparative approach can be taken a stage further to help reveal 
emergent knowledge. We have made the distinction within our corpus between two different genres. 
Extant, documented knowledge is collected in our mother corpus. The transcripts of knowledge 
acquisition interviews carried out are collected in our transcript corpus. Comparing the relative 
frequency of terms within the transcript corpus first with reference to a general language corpus and
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then with reference to the mother corpus has the effect of highlighting terminology used by 
practitioners which may not yet be well documented, that is, emergent terminology. Something of this 
phenomena can be seen in Table 3.16, where the terms are sorted according to the ratio of their relative 
frequencies in the transcript and mother corpora (column 7). Polluters, draining, drained, drains, 
sewers, sewer, sewage and sewered, environmentalist and environmentalists can be seen to appear 
more frequently in our transcript corpus than in our mother corpus, while the terms pollutive and 
sustenance do not appear in our mother corpus at all. The same comparative procedure can be applied 
to each new transcript such that emergent knowledge is revealed on a dynamic basis.
Term Absolute
frequency
in
transcript 
corpus 
(2544 843 
words in 
total)
Relative 
frequency in 
transcript 
corpus
Relative 
frequency in 
general 
language 
corpus
Ratio:
transcript/
general
(Weirdness)
Relative 
frequency in 
mother
Ratio:
transcript/
mother
pollutive 1 3.92E-06 0.00 Infinite 0 Infinite
polluters 4 1.57E-05 0.00 Infinite 4.90E-06 3.20
pollution 90 3.53E-04 8.06E-06 43.83 7.08E-04 0.50
polluting 7 2.75E-05 2.91E-07 94.31 6.09E-05 0.45
pollutant 4 1.57E-05 0.00 Infinite 9.95E-05 0.16
polluted 2 7.85E-06 1.65E-06 4.75 5.32E-05 0.15
pollutants 4 1.57E-05 2.91E-07 53.89 1.32E-04 0.12
draining 17 6.67E-05 3.50E-06 19.09 3.99E-05 1.67
drained 14 5.49E-05 1.13E-05 4.88 3.43E-05 1.60
drains 32 1.26E-04 3.50E-06 35.93 8.90E-05 1.41
drain 20 7.85E-05 2.07E-05 3.79 7.85E-05 1.00
drainage 220 8.63E-04 4.95E-06 174.35 1.27E-03 0.68
sewers 389 1.53E-03 3.01E-06 507.16 3.14E-04 4.86
sewer 444 1.74E-03 3.59E-06 485.00 5.01E-04 3.48
sewage 152 5.96E-04 3.30E-06 180.69 2.70E-04 2.21
sewered 7 2.75E-05 0.00 Infinite 1.36E-05 2.02
sewerage 67 2.63E-04 1.94E-07 1353.96 4.73E-04 0.56
sustenance 2 7.85E-06 2.33E-06 3.37 0 Infinite
sustaining 1 3.92E-06 2.52E-06 1.55 1.19E-05 0.33
sustain 1 3.92E-06 7.09E-06 0.55 3.01E-05 0.13
sustained 1 3.92E-06 1.92E-05 0.20 9.53E-05 0.04
sustainability 5 1.96E-05 0.00 Infinite 5.60E-04 0.04
sustainable 2 7.85E-06 2.91E-07 26.94 5.94E-04 0.01
environmentalist 9 3.53E-05 3.88E-07 90.94 1.40E-06 25.23
environmentalists 7 2.75E-05 3.88E-07 70.73 1.40E-06 19.62
environment 76 2.98E-04 7.24E-05 4.12 6.98E-04 0.43
environmental 138 5.42E-04 1.50E-05 35.98 1.58E-03 0.34
environmentally 6 2.35E-05 2.91E-07 80.83 8.27E-05 0.28
ecologically 1 3.92E-06 6.80E-07 5.77 7.71E-06 0.51
ecology 6 2.35E-05 1.55E-06 15.16 5.46E-05 0.43
ecosystem 2 7.85E-06 6.80E-07 11.55 4.41E-05 0.18
ecological 1 3.92E-06 4.95E-06 0.79 2.13E-04 0.02
Table 3.16 A comparison of the relative frequencies of key terms in our mother and 
transcript corpora, highlighting emergent terminology used by interviewees
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By studying collocations and by looking at the context in which those terms which are used more 
frequently in the transcript corpus than the mother corpus are found, it is possible to identify fragments 
of knowledge which may be emergent. Several candidate heuristics of this type are presented in Table 
3.17 below.
Candidate term 
+ semantic cues
Candidate fragments of knowledge
sewers 
+ generally 
-Htypically
I've already mentioned problems of roughness of 
estimation etc. Now, we have a lot of sewers and I'm 
sure most other old cities and towns do, where they're 
generally described as egg-shaped, they're not conforming 
to any predefined pattern exactly, they're very typically 
a flat stone invert which might be 250-300mm wide and 
which you can walk in. It might have trapezoidal dry 
stone walls, effectively._________________________________
combined sewers 
+ because 
+ if
+ because
A3:482 So storage really is the only way you can cope 
with large flows in combined sewers because even if you 
could afford to create the treatment system, there is no 
way you could apply secondary treatment because you rely 
on bacteria for both and you could never grow bacteria as 
fast as storm water levels change so you've got to have a 
reasonably sensibly modulated flow through secondary 
treatment which is why you store it and return it.______'
foul sewers 
+because
A3:27 In Portsmouth, this is particularly relevant 
because it has one of the highest areas of surface water 
drainage entering the foul sewers of anywhere in the 
country which results in very high dry weather flow 
multiples to be handled in times of storm.
storm drains
+  S 0
+ then
C8:163 These gullies are the sort of city storm drains, 
and there are about 19 of them and so any solid waste
that is put in them way up, whenever you have a
significant rainfall then they ultimately get flushed
into the harbour as well. So that is also a serious
contributor.
pollutive loads 
polluting load 
+because
A3:18 The fundamental point is the population. There 
are a number of parameters which can be applied to 
population numbers to give indicative pollutive loads 
that are going to arise. In terms of the foul/waste 
water from the place. The industry has an impact. It's 
a function of how significant that industry is. Modern 
industries tend not to be that significant. Some of the 
old heavy engineering industries obviously were. 
Bottling industries, dairies, abattoirs, that kind of 
thing you have to consider because they do make major 
contributions alone, but the larger the population 
obviously the less impact any given industry has. But we 
do look at the polluting load in terms of trade effluent 
consented discharges, that's our main source of 
information.
environmentalist 
environmental impact analysis 
+if
+ S O
+then
Cll : 190 Basically we have to do an environmental impact 
analysis. As everything else it has its initials, EIA. 
So, everybody talks about an EIA and if we have a major 
project at all, as part of the submittals which you need 
to make to various people for approval, you have to
submit an EIA to the NRCA for their approval. So that ' s 
why we have an environmentalist on board. If it is small 
he will do it himself. If it is large we may employ
external people who do that sort of thing. He will liase
and work with them, have this impact analysis done, and 
then submit it to the NRCA as part of the submittals
required for the scheme.________________________  % i i e u j - r c u u n e .____________________________________________
uuie / Candidate fragments of knowledge extracted from our transcript corpus on the 
basis of the proximity of candidate terms (bold underlined) and semantic cues (hold) which
suggest the presence of heuristics
Tabl 3.17
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3.4.3 The hasis of a method for automated knowledge acquisition
It will be clear from the few examples presented that the elaboration of terminology is far more 
difficult than its extraction, and that for the automation of this aspect of the knowledge acquisition 
process to come about will require the exponential growth in ICT technology which has characterised 
the last few decades to continue for some time. Fortunately, the growth does not appear to be abating, 
and if anything, is accelerating. For this reason, we believe that the pursuit of automated knowledge 
acquisition is not a hollow one. In any case, the degree of automation which is possible now, whereby 
candidate fragments of knowledge can be identified, texts marked-up accordingly and distributed 
across electronic networks is of practical use, and can serve as a foundation for more exciting 
developments in the future.
At this point in time, extracted terminology and fragments of knowledge need to be manually verified 
and validated. For us, because such fragments can be automatically marked-up and presented to 
experienced practitioners, the methodology described can facilitate the process of verification and 
validation.
The methodology described can be seen to be a dynamic one whereby knowledge is extracted, verified 
and validated before eventually being incorporated into a knowledge base comprising marked-up texts. 
The mother and transcript corpora are continually added to, and these in turn act as a point of reference 
for new documents or transcripts. Figure 3.6 illustrates how three passes of lexical and morphological 
analysis, collocation analysis and context analysis reveal candidate terms, compound and multi-word 
terms and fragments of knowledge in turn. The methodology is symmetrical, in that both mother and 
transcript corpora contribute to the candidate knowledge base.
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Figure 3.6 Our knowledge acquisition methodology
6 6
3.4.4 Automatic mark-up of the meaning bearing contents of texts
Though it is necessary for a knowledge base developed using the methodology described to be 
subsequently verified by experienced practitioners, we are of the opinion that the extracted knowledge 
can be a valuable resource in its own right. It is felt that motivated individuals (such as planners and 
policy makers) can make productive use of a candidate knowledge base composed of texts in which the 
meaning bearing contents have been marked-up.
The development of text mark-up systems, from the original passive SGML to the interactive hypertext 
mark up language(s) and onto XML, is contemporaneous with the development of knowledge based 
systems. There is no doubt that HTML marked-up text are easy to use and increasingly digital libraries 
can be navigated through a network of linked keywords/pointers within a document or through a 
network of linked citations/pointers across a digital library (cf. the Hypercite system used by the UK 
Institute of Physics). The most time consuming and labour intensive aspect of creating HTML 
documents is marking-up the meaning-bearing contents of those documents -  the terms, the heuristics 
and the key passages. Automatic term extraction software systems can be tuned such that they not only 
extract terms but can automatically mark-up the document, and so the terminology and fragments of 
knowledge we have shown can be extracted from text can also be relatively easily marked-up.
In order to assess the value of text mark-up to a reader, first consider how much of a difference is made 
by conventional mark-up, that is, white space, punctuation, capitalisation and so on. In Figure 3.7 a 
passage of text is first shown without and then with this conventional mark up, and thirdly, with terms 
and semantic cues for heuristics in the vicinity marked-up. This mark-up could feasibly provide 
hyperlinks to a glossary containing term definitions or to related fragments of knowledge.
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sostoragereallyistheonlywayyoucancopewithlargeflowsincombinedsewersbe 
causeevenifyoucouldaffordtocreatethetreatmentsystem,thereisnowayyouco 
uldapplysecondarytreatmentbecauseyourelyonbacteriaforbothandyoucouldn 
evergrowbacteriaasfastasstormwaterlevelschangesoyouvegottohaveareason 
ablysensiblymodulatedflowthroughsecondarytreatmentwhichiswhyyoustorei 
tandreturnit
So storage really is the only way you can cope with large flows in 
combined sewers because even if you could afford to create the 
treatment system, there is no way you could apply secondary treatment 
because you rely on bacteria for both and you could never grow 
bacteria as fast as storm water levels change so you've got to have a 
reasonably sensibly modulated flow through secondary treatment which 
is why you store it and return it.
So storage really is the only way you can cope with large flows in 
combined sewers because even if you could afford to create the 
treatment system, there is no way you could apply secondary treatment 
because you rely on bacteria for both and you could never grow 
bacteria as fast as storm water levels change so you've got to have a 
reasonably sensibly modulated flow through secondary treatment which 
is why you store it and return it.
Figure 3.7 The impact on text of conventional mark-up and mark-up of terms and semantic cues
3.5 An evaluation of our knowledge acquisition methodology
The acquisition and elaboration of terminology is often considered to be the most problematic stage of 
knowledge acquisition, but a systematic approach is rarely adopted in response. Here some techniques 
from the field of special languages and corpus linguistics have been proposed as solutions.
There are structures that exist in LSP which are used to encapsulate knowledge. Terms which occur 
frequently, compound terms and frequently collocating terms are often found to represent important 
objects, concepts or events in a specialist domain. Frequently occurring plural nouns often refer to 
different classes of object whilst verb nominalisations are often used to transform verbs into ‘things’ 
that can be observed and experimented with. Neologisms, and especially those formed by prefixation, 
often signal emergent knowledge.
The key point about these structures is that they can help us to understand texts and in turn to develop 
computer programs which are able to analyse them. Only humans are able to understand texts on all of 
the linguistic levels, but by beginning to exploit the structures which exist, computer programs can be 
used to identify candidate terms and fragments of knowledge within them. It is possible that in several 
years time techniques and technologies will be available to enable computers to understand texts at all 
of these levels, thereby permitting the automatic extraction of knowledge from text. For now, this 
methodology for the automatic mark-up of texts is of use in the development of DSS for the 
management of the aquatic environment.
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We are of the opinion that a motivated end-user can make productive use of a library of marked-up 
documents in which terminology and fragments of knowledge are highlighted. In order to test this 
assumption, and therefore to evaluate the utility of the methodology presented as a means of supporting 
programme planners and policy makers in the management of the aquatic environment, an evaluation 
exercise was carried out during a second visit to the International Institute for Infrastructure, 
Hydraulics and Environment in Delft. A group of 24 individuals, all experienced engineers from 
various developing countries, were asked to evaluate a collection of marked-up transcripts, taken from 
our case studies. Each participant held some experience in the domain of water resources management, 
and as such was able to identify important terminology and fragments of knowledge from the domain, 
as well as to evaluate the validity of the fragments of knowledge which had been automatically 
extracted.
The participants were asked to read through several interview transcripts and to highlight domain 
terminology (representing objects, concepts and processes) and rules. They worked in six groups of 
four, and were allowed 90 minutes to carry out the task. None of the groups found this sufficient time 
to analyse the entire transcript they had been given. Using the methodology described, the same task 
was carried out automatically in the space of a few minutes. A quantitative comparison between the 
results is presented below in Table 3.18. The methodology we have described generally pulls out far 
more candidate terms and rules than does a manual approach, in a far shorter space of time. It will be 
apparent that between 34 - 76% of the terms and 25- 87% of the rules highlighted by the participants 
over 90 minutes were extracted automatically in the space of a few minutes. This suggests that the 
methodology is able to extract some but not all of the terms and rules thought to be important by 
experienced engineers. However, it also tends to pick up many more. The question is, are these 
additional terms and rules of use?
Group Technique Number of terms 
extracted
Number of rules extracted
1 Manual 10 8
Automatic 393 51
Manual results picked up automatically 6 (60%) 205% )
2 Manual 35 13
Automatic 431 140
Manual results picked up automatically 24 (69%) 9 (69%)
3 Manual 30 15
Automatic 708 73
Manual results picked up automatically 15 (50%) 13 (87%)
4 Manual 58 12
Automatic 690 110
Manual results picked up automatically 20 (34%) 8 (67%)
5 Manual 0 0
Automatic 393 125
Manual results picked up automatically 0 (0%) 0 (0%)
6 Manual 42 19
Automatic 431 33
Manual results picked up automatically 32 (76%) 10 (53%)
Table 3.18 A comparison between the candidate terminology and rules extracted from a set of 
transcripts automatically using our methodology and those identified manually by experienced
practitioners
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A subsequent evaluation exercise, the results of which are summarised in Table 3.19, was intended to 
give an indication of how useful the extracted knowledge might be to a knowledge engineer or to 
planners and policy makers. The participants were asked to evaluate the ‘candidate rules’ which had 
been automatically extracted from the transcripts being studied. Each rule was given a mark out of 10 
to represent the quality of the knowledge extracted and to indicate whether or not it would be useful in 
building a knowledge base or in supporting the decision making process.
Group Number of rules evaluated Total marks awarded Mean mark awarded
1 4 32 8.00
2 73 191 2.62
3 64 394 6.16
4 84 343 4.08
5 50 156 3.12
6 31 158 5.09
Table 3.19 An evaluation of the utility of the rules extracted using our methodology
We are unable to draw any firm conclusions as to whether or not the participants on the whole thought 
the rules extracted to be of use to policy makers and planners as the average marks awarded range from 
2.62 to 8.00 out of 10. The judgements differ according to each group’s understanding of the domain 
of UWM, their interest in the knowledge elicited and so on. A positive point for us was the fact that in 
many cases, the participants were able to rapidly dismiss candidate rules as containing no useful 
knowledge. Though group 1 thought that all of the rules that had been extracted were of considerable 
value, group 2 awarded a total of 40 of the candidate rules no marks whatsoever. This amounted to 
55% of those extracted. The equivalent figure for groups 3, 4, 5 and 6 was 31%, 18%, 26% and 23%. 
The speed with which the participants were able to dismiss rules suggests to us that where candidate 
terms and fragments of knowledge are marked-up, they can be rapidly assessed, and that marked-up 
texts are therefore of greater utility to a planner or policy maker than are the original texts.
To summarise, these results suggest that though the methodology we have presented for the automatic 
extraction of knowledge from text is much quicker and able to return many more terms and fragments 
of knowledge than its manual equivalent, the need for verification and validation is paramount. This 
view was backed up by several of the participants who took part in the exercise. They were asked to 
evaluate the two approaches, and figures 3.8 and 3.9 show the form of the evaluation sheets and the 
mean marks awarded. Automatic knowledge acquisition was thought to be much faster than manual 
knowledge acquisition. The mean average mark was made 86% of the way across as shown. Manual 
knowledge acquisition was thought to be slightly better in terms of the quality of knowledge extracted 
from text. The mean average mark was made 34% of the way across, as shown. One additional 
comment made was that, “Trade-off is possible”. The participant suggested that the automation was 
useful in terms of highlighting potentially interesting text, but that a combination of manual and 
automatic methods was necessary to ensure the knowledge extracted was of good quality. Manual 
knowledge acquisition was thought to be slightly better in supporting the subsequent development of 
knowledge bases. The mean average mark was made 35% of the way across, as shown. Several 
students suggested that a combination of the two would be preferable.
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Knowledge Acquisition Exercises 
Evaluation Sheet
How would you compare the results of the manual knowledge acquisition you carried out (i.e. identification of objects, concepts, 
processes, rules etc.) with the results of the automatic knowledge acquisition you have seen? Please mark the horizontal line in 
the appropriate place.
Speed:
Manual J_____________86%___________________4______ I Automatic
Quality of knowledge extracted from text:
Manual J_______34% 4___________________________ | Automatic
Which of the two methods would allow you to build a better knowledge base?
Manual I_______35% 4___________________________ I Automatic
Figure 3.8 An evaluation of our methodology for knowledge acquisition
The participants thought the two greatest problems in knowledge acquisition were ‘representing the 
knowledge for use in an expert system’ and ‘identifying important rules and relationships’. Both 
received an equal marks total. These were followed by ‘identifying important objects and concepts’, 
‘understanding the language used by experts’ and ‘understanding terminology used by experts’. There 
was not much to choose between these categories, indicating that the difficulties faced were varied and 
differed according to each participant’s background, language and so on. ‘It’s very time consuming’ 
came last, while no other problems were suggested (see Figure 3.8).
From your experience of these exercises, what do you think are the greatest problems in knowledge acquisition? Please rank the 
categories below in order of difficulty i.e. if  you think the worst problem is ‘Understanding terminology used by experts’ rank 
that as number 1.
Rank
Understanding language used by experts 4
Understanding terminology used by experts 5
Identifying important objects and concepts 3
Identifying important rules and relationships 1
Representing the knowledge for use in an expert system 1
It’s very time consuming! 6
Other (please state)................................................................... ... 7
Figure 3.9 An evaluation of the problems faced in knowledge acquisition
As a final evaluation exercise, the participants were asked to evaluate the utility of automatically 
extracted fragments of knowledge as a means of rapidly understanding texts for the purpose of 
verifying and validating the acquired knowledge. For us, this was also assumed to reflect the utility of 
these fragments of knowledge to inform the decision making process and to provide support for 
programme planners and policy makers. The responses are mixed but tend to support the use of 
automatically extracted fragments of knowledge in combination with the full texts (see Figure 3.10).
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We believe this to support the use of marked up texts in which candidate terms and fragments of 
knowledge (that is, the meaning bearing contents) have been marked up and hyperlinks have been 
provided to their source in the original transcript.
Would the results of the automatic knowledge acquisition you’ve seen help you as an engineer to quickly understand texts, and 
therefore to verify, validate and suggest modifications to the knowledge?
I  think that it is helpful. It can help reduce the time consumed in the analysis.
Yes. It is concluded that such automatic knowledge acquisition will be very applicable. The problem is how to pick up 
fragments o f the expert’s knowledge, to sum them up and to represent the expert’s whole knowledge.
I  think a combination o f  manual and automatic system would be better than only manual or automatic.
It can give limited (primitive) knowledge though requires to be justified quickly by manual inspection
It helps as fa r  as picking up ‘keywords’ is concerned
Most probably it would, in the sense o f saving time, but I  would prefer to go through all the text by myself afterwards.
So fa r  the software is only some help but it will be helpful especially to people who don’t know the language.
Yes, a little.
Yes.
I  think the knowledge should be constructed by the expert. He should prepare his own questionnaire.
Not much, I  am afraid. I f  he hasn ’t read the text o f the interview, these would be quite vague fo r  him. _________
Figure 3.10 An evaluation of the utility of automatically extracted fragments of knowledge
3.6 The dissemination of acquired knowledge: A prototype DSS
The methodology presented for the acquisition of knowledge in specialist domains has been proposed as 
means of gathering emergent knowledge from stakeholders in the management of the aquatic 
environment. The acquisition of emergent knowledge, however, is only a first step. Of equal importance 
is the means by which this knowledge is disseminated to other stakeholders including policy makers and 
planners, such that it can inform the plans and policies conceived.
The potential of the Internet as a means of disseminating knowledge has been recognised throughout the 
project, and the first prototype DSS presented in the authors 12 Month Progress Report (see Appendix 
D2) was designed accordingly. Parr and Horan’s (1994) guidelines for the selection of appropriate 
wastewater treatment strategies were used as the basis of a hypertext system. Users were presented with 
the range of factors deemed important to consider, and links were provided to decision support tools. The 
first of these consisted of a rule based system for the ecological classification of rivers on the basis of 
water quality parameters. The second was developed for the estimation of wastewater characteristics on 
the basis of socio-economic variables and involved the integration of a GIS with a spreadsheet based 
model. Though the integration of these tools into a single DSS (accessible through an Internet browser) 
was felt to be a valuable exercise, it became apparent that, whichever approach to decision support was 
taken, there was a common requirement for the management of knowledge (both tacit and explicit): in
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applying software tools, in interpreting guidelines, in understanding classification systems and so on. It 
became clear that a methodology for the acquisition of knowledge and for its wider dissemination would 
be of use for the development of DSS.
As described in the author’s 30 Month Progress Report (see Appendix C5) the EC’s (1998) guidelines 
were marked-up and adapted for the Internet and in return for the development work the EC agreed that 
the guidelines could be used as the basis of a prototype DSS. The on-line version of the guidelines has 
distinct advantages over the book. A user can intuitively move through the guidelines to find the 
section they feel is most relevant to their own needs, and can use the project cycle management (PCM) 
methodology favoured in EC projects or can adopt a project specific ‘focus-area’ led approach. In 
Figure 3.11 below, the menu bar to the left indicates that the user is viewing Part II of the Guidelines, 
while the tabs on the page to the right indicate that they are looking at the checklist corresponding to 
the Formulation phase of the project cycle for Municipal Water and Wastewater Services (MWWS) 
projects.
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Figure 3.11 A typical view of the EC Guidelines for water resources development co-operation.
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Besides the intuitive hyperlinking described, links are provided to a glossary of terms, an annotated 
bibliography and to a set of tools to support a decision maker. These tools include procedures for 
stakeholder analysis, for social impact assessment and for carrying out willingness-to-pay surveys. In 
Figure 3.12 below the glossary of key concepts available to the user of the guidelines at any time is 
visible. Links are provided from tenns within the text.
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Figure 3.12 A glossary of key concepts is available to the user of the guidelines at any time
During our main case study in Jamaica, a series of questions derived from the EC guidelines were used 
as the basis of the interviews carried out. The resulting transcripts have been analysed and marked-up 
using the methodology described and the marked-up transcripts have been made accessible through the 
user interface shown. A ‘transcript corpus browser’ has been added to the system described and the 
emergent knowledge which has been gathered has been organised according to the framework 
proposed in the guidelines. It has been documented here for the first time, and has been made 
accessible across the Internet. In Figure 3.13 below emergent knowledge of technological principles is 
brought to a user’s attention. The original transcript is shown in the right hand frame. This has been 
marked-up with terms and heuristic cues identified automatically. Our interpretation of the knowledge 
elicited is shown in the left hand frame, from where hyperlinks take a user to the appropriate point in 
our transcript corpus
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Figure 3.13 A view of the transcript corpus browser which augments the EC guidelines
We believe that the methodology presented for the acquisition of knowledge from a range of 
stakeholders and for the subsequent analysis of the elicited knowledge alongside the extant knowledge 
of the domain -  relying as it does on a combination of psychological techniques and corpus linguistics 
and, furthermore, a relationship between the two -  is a novel way of employing established techniques 
from these fields. We have shown how these texts and interview transcripts can be automatically 
marked up, and because the resulting knowledge rich documents can be used to populate the DSS 
which are used by programme planners and policy makers in broad domains such as those concerned 
with the management of the aquatic environment, it is possible that the knowledge they contain will be 
disseminated and will have some influence upon the plans and policies conceived. This has important 
implications for the dissemination of relatively new concepts such as sustainable development -  and 
especially how sustainable development can be implemented in practice.
Because our methodology may facilitate the transfer of emergent knowledge between stakeholders 
including planners and policy makers, and therefore its assimilation into environmental plans and 
policies, we feel it has applications in enviromnental management. In growing cities with increasing 
numbers of stakeholders and ever more complex problems, a systematic approach to the management 
of knowledge in support of environmental management is required, and the fact that our methodology 
can be partially automated is important in this respect. As ICT advances in the next decade or so, it is 
possible that the automatic analysis and understanding of texts by computer programs will become a 
possibility. Knowledge will be disseminated through interactive documents and the burden of
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interpretation upon planners and policy makers will be reduced. For now, our prototype DSS illustrates 
how knowledge rich documents can be disseminated across electronic networks to support the 
management of the aquatic environment.
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4 Results: Knowledge management and environmental management
It will have become clear that the management of knowledge is important for the sustainable 
management of the aquatic environment to proceed. Both the documented knowledge of the 
interacting disciplines which contribute to the domain and the knowledge held by stakeholders in the 
domain are important. Here we focus upon that knowledge of how to interpret repositories of 
knowledge or framework documents which is held by experienced planners and policy makers. The 
knowledge which is employed by these individuals is often specific to the region or context in which 
the framework is being applied, and can be considered emergent.
Though the emergent knowledge discussed in this chapter has been acquired through the manual 
analysis of our transcript corpus, rather than using the partially automated method described, it 
confirms that the knowledge of the domain is distributed amongst the various stakeholders, and that 
emergent knowledge can be acquired by contrasting interview transcripts with the extant knowledge of 
the domain. As such, the emergent knowledge gathered is evidence to support the continued 
development of our partially automated methodology for the acquisition of knowledge from 
stakeholders and for its dissemination amongst these stakeholders so as to support the sustainable 
management of the aquatic environment.
4.1 Frameworks as ‘repositories of knowledge’
Knowledge of the aquatic environment is continually interpreted in different ways according to the 
geographic region and the context in which it is being applied. Regionally or context specific 
frameworks can be thought of as interpretations of scientific or engineering principles, in that they are 
partly quantitative but that they also contain heuristics specific to that context or region. Interpretations 
of these guidelines are made in turn by organisations and individuals, who employ further heuristics in 
applying them. Price (1998) describes such guidelines as ‘repositories of knowledge’. For him, 
additional knowledge ‘comes to presence’ for engineers involved in implementing guidelines, and can 
be classed as emergent knowledge.
Our interest in the way knowledge is interpreted by managers of the aquatic environment is motivated 
by a desire to understand how the concept of sustainability can be leveraged into institutions, and how 
the need for sustainable development has led practitioners to interpret, refine or even reject existing 
guidelines. The concept of sustainability is so broad that it is not practical to address the sustainability 
of all of mankind’s activities, even within a given city or region. For this reason we have chosen to 
focus upon one domain, that of urban wastewater management, and to look at how emergent 
knowledge of concerns such as sustainable development is applied by planners and decision makers 
within the domain, and might therefore be disseminated and fed back into policy and programmes. It is
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hoped that this will serve to demonstrate how sustainable practice can be encouraged in other, related 
domains.
In order to study such emergent knowledge, a case study has been carried out and the knowledge 
elicited has been contrasted and compared with three framework documents. First, the framework 
presented by Parr and Horan for the selection of sustainable wastewater management processes, which 
is typical of the checklists favoured by many authors. Second, the EC’s (1998) guidelines for water 
resources development co-operation, typical of more recent holistic approaches which employ 
checklists alongside lengthy texts. Third, the framework presented by Tayler, Colin and Parkinson
(2000) described as a strategic approach to planning for municipal sanitation. These three documents 
are held to be representative of the extant knowledge of the domain.
In the following chapter we compare and contrast this extant knowledge of the domain with that 
elicited from the stakeholders consulted in Kingston. Our findings are presented according to the 
framework of Parr and Horan (1994), and in the first column of Tables 4.1a to 4. le below are their 
‘factors to consider’. Comments made by the stakeholders interviewed are summarised in the second 
and third columns. Where these tables are referenced, it is in the format (Table: Column, Row). The 
interviews from which comments are drawn, where the relevant interview has been transcribed, have 
been referenced in the format (Appendix: Line Number). After each of these summaries comes a 
critique of Parr and Horan’s framework. In some cases, interviewees have indicated that factors that 
are necessary to consider in Jamaica are absent or have been given insufficient emphasis. In other 
cases, an altogether different approach has been suggested.
The knowledge which has been acquired from these stakeholders is discussed as emergent knowledge. 
It is compared and contrasted with the extant knowledge documented in the more recent guidelines 
from the EC (1998). The acquired knowledge which is considered to be emergent is summarised in 
section 4.3 and an amended version of Parr and Horan’s (1994) checklist is presented. In section 4.4 
the findings are discussed in the light of the most recent work in the domain, that of Tayler, Colin and 
Parkinson (2000).
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4.2 Factors of relevance for urban wastewater management planning
4.2.1 Economic factors
Economic factors are important for planning urban wastewater management strategies because 
investments in sanitation projects, sewerage networks and wastewater treatment works can total the 
equivalent of millions of pounds. Not only do the economic circumstances of a country dictate the 
level of investment which is possible but different sectors of an economy will have different social and 
environmental costs and benefits, and may be dependant to some extent on the infrastructure described 
being in place.
Parr and Horan (1994) describe how these costs and benefits manifest themselves in Mauritius,
pointing to the dependence of the economy on a few sectors which rely on the exploitation of natural
resources, and to the effects the introduction of overly stringent environmental regulation would have 
on the vulnerable economy. We will briefly describe our own findings in Jamaica. These are 
organised according to two sets of economic factors, the first of which covers economic structure and 
employment, the second trade relations and income distribution (see Table 4.1a).
We found that the Jamaican economy is reliant on bauxite extraction and processing, sugar, rum and 
coffee production, clothing manufacture, bananas and tourism (see Table 4.1a:2,2). Not only is tourism 
the chief source of foreign exchange, it is also the largest employer and the largest growth area of the 
economy. Because the tourist industry is reliant on a clean aquatic environment, the effective 
management of wastewater from the bauxite, sugar and coffee industries is essential. The application 
of fertilisers also needs to be managed so as to prevent excessive nutrient levels in watercourses and in 
the coastal zone (and this implies that watershed management is necessary). Effectively, without 
adequate wastewater management the island’s most important industry will be threatened.
Jamaica has a significant debt burden. The disparity between Jamaica’s rich and poor is particularly 
great and though extreme poverty is endured by the 40% of the population below the absolute poverty 
line, Jamaica does not qualify for debt relief and is dependent to a significant extent on external 
funding agencies such as the European Commission or USAID for the financing of large infrastructure 
developments. Much of the available foreign exchange is used to purchase fuel. Because Jamaica has 
no fuel reserves of its own, all of its energy is effectively imported. Not only is the economy in general 
vulnerable to fluctuations in fuel prices but so too is the ongoing operation of energy intensive 
treatment technologies. Problems experienced in the past are described by Everton Hunter, currently 
Managing Director of Carib Engineering and a former senior employee of the NWC.
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“Once you put in a sewage plant the presumption is that it will operate in perpetuity. And so 
we had terrible problems in the late 70s and into the early 80s with these plants breaking 
down. And then with the energy crisis. They required 24 hour aeration, so that's electricity. 
With scarce foreign exchange it was difficult to operate and maintain these facilities. And so 
you had nightmares. A lot o f them just went out of service and raw sewage was just flowing 
all over the place. ” (B5:5f 7)
Economic factors: Brief comments Implications
Structure; 
output by group: 
industrial 
component; 
employment; 
foreign exchange 
earnings (exports)
- The key sectors of the economy are bauxite 
extraction and processing, sugar, rum and coffee 
production, bananas and tourism. (Bl)
- Unemployment is high and seasonal, as the 
majority are employed by the tourism industry. 
(Bl)
- Tourism is the most important source of foreign 
exchange. (B3:125)
- Exports include bauxite and alumina, sugar, 
clothing, coffee and bananas. (Bl)
- The effluent from the bauxite extraction and 
processing industry needs special consideration. 
(B7)
- The effluent from the sugar and coffee 
processing industries has a high organic load and 
solids content and needs to be treated 
accordingly. (B7)
- Fertiliser application also needs to be managed 
to prevent excessive nutrient levels. (B9:326)
- The tourist industry requires a clean aquatic 
environment. (B3:125)
Size;
future prospects; 
balance of 
payments; 
trade relations; 
isolation and 
vulnerability; 
foreign exchange 
and capital 
availability; 
distribution of 
incomes
-Jamaica has a considerable debt burden. (Bi) 
-All of Jamaica’s fuel is imported therefore the 
economy is vulnerable to fluctuations in world 
energy prices. (Bl)
-Fuel is a major consumer of foreign exchange, 
little capital is available. (B5:560)
-There are large disparities in income 
distribution, even within urban areas. (1)
- Jamaica is partly dependent on external lending 
or funding agencies for the financing of 
infrastructure development. (B3:174)
- The affordability of energy intensive treatment 
technologies can be affected by fluctuations in 
world energy prices. (B5:558)
- The affordability of sanitation solutions to the 
poorest groups is important to consider. (B9:499)
Table 4.1a Economic factors of relevance to urban wastewater management
Parr and Horan (1994) suggest that the relevance of the structure of the economy, output by group, 
industrial component, employment and foreign exchange earnings (see Table 4, la: 1,2) is that ‘reliance 
on sectors of the economy may limit or favour treatment options’. Our evidence suggests that this is 
the case. Specifically, the importance of the tourist industry to Jamaica’s economy has meant that 
investments in wastewater management have been prioritised in order to protect the major resorts, and 
the pattern looks to be continuing. As such, reliance on sectors of the economy has influenced the 
location rather than the type of investment. Our data indicates that it might also be useful to investigate 
the sectors in which growth is expected to take place, so as to help prioritise future investments. 
Furthermore, it suggests that planners should look at the likely impact of economic measures being 
imposed by outside organisations such as the IMF and the World Bank.
The size of an economy, its future prospects, balance of payments and so on (see Table 4. la: 1,3), when 
taken together, give us a good indication of the ‘ability to cope with, and respond to, change: to pay 
and sustain’. In our case study, however, energy has proven to be a key issue. Not only does the need 
to import fuel limit the availability of foreign exchange and capital to invest in infrastructure for 
wastewater management, but it also means that less energy intensive options are preferred. Decision 
makers should perhaps consider energy and fuel as a separate issue.
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Income distribution, according to the data we have collected, demands considerable attention. The 
disparity between rich and poor in Jamaica means that the whole range of sanitation and UWM 
technologies needs to be explored. The issue of equity becomes increasingly important, and “How are 
services to be provided to the poorest groups?” becomes a key question. Because, unlike in Mauritius, 
a large percentage of the Jamaican population lives in informal, unplanned settlements, the framework 
proposed pays insufficient attention to related issues. Such settlements demand special attention and 
are often the priority as far as sanitation and wastewater management, and accordingly, public health 
and environmental protection are concerned.
The EC (1998) has discussed economic factors in the context of ‘managing water resources equitably, 
efficiently and sustainably’. Within this broader remit they cover water resources assessment and 
planning (WRAP), basic water supply and sanitation (BWSS), municipal water and wastewater 
services (MWWS) and agricultural water use and management (AWUM). In the specific area of 
economic and financial principles, they list three key principles that are to be adhered to. Firstly, that 
water should be recognised as an economic good; second, that charging tariffs is necessary for 
sustainability; and third, that demand management should be employed (see EC, 1998:48).
These principles are applied in the context of the project cycle management (PCM) methodology, 
comprising 6 sequential stages beginning with programming, followed by identification and 
formulation, then financing, implementation and finally, evaluation. They propose different key issues 
at each of these stages. In order to make useful comparison’s with Parr and Horan’s (1994) framework, 
we have focused upon the identification and formulation stages of the cycle.
In looking specifically at the planning of MWWS, the EC guidelines suggest that decision makers 
should be concerned at the ‘identification’ stage with the costs and benefits of water supply and 
wastewater collection and treatment, with tariffs and means of collection, with water conservation 
technologies and other forms of demand management, and with financial auditing. Economic returns, 
charges for industrial and commercial water users and financial risk management are also deemed to be 
important (see EC, 1998:161)
The two frameworks can be seen to suggest very different types of information are of relevance. While 
Parr and Horan seem to focus upon the position of UWM within the national economy, the EC are 
concerned with the economics of specific projects. This is a pattern which continues across the 
breadth of the respective frameworks, and the implications are discussed in section 4.3.
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4.2.2 Institutional factors
The stakeholders in the UWM process include state sector organisations (including specialist agencies 
and local government bodies), private sector organisations (including utilities, consultants and 
contractors), professional bodies, international funding agencies and finance houses, NGO’s of various 
sizes, and of course, the householders who pay for and benefit from the service provided. Parr and 
Horan’s (1994) study of small island states describes the commitment and capability of these various 
stakeholders to engage in undertaking responsibility for UWM (though their list does not include the 
green movement or the end users). For them, end users are discussed in terms of ‘ensuring that the 
population accept that there is some need to pay for the improved standards of service’ (see Parr and 
Horan, 1994:61). They choose to look at institutional capacity in terms of governance (in the broadest 
sense), engineering considerations, the law, politics and finance.
Through consulting stakeholders in Jamaica we found that, as in many countries, responsibility for 
wastewater management is shared between several organisations (see Table 4.1b:2,2). Though private 
developers design and install wastewater collection and treatment facilities, these are handed over to 
the public sector water and wastewater utility, the National Water Commission (NWC) to be operated 
and maintained along with their own facilities (the NWC are also responsible for the operation and 
maintenance of sewerage networks). There is a lot of crossover of responsibility between 
organisations, and as well as the duplication of some tasks this has led to the omission of others.
“We know o f cases where more than one agency comes and samples the water to test for the 
same thing, because they've all taken on the same brief We have a separate underground 
water authority, so there are quite a lot of actors in this thing which need co-ordination. 
That's partly why we're worried. As long as it gets done I  don't mind but the duplication's 
starting to get a little out of hand. And there are some big gaps to fall through. ” (B3:205)
Because the NWC are unable to specify the type of treatment process a private developer should install, 
the process of handover and the subsequent operation and maintenance of these facilities is sometimes 
problematic. This contributes to a situation whereby few of the existing mechanical treatment works 
are performing well (see Table 4.1b:2,3). Of the rest of the existing infrastructure, the water supply 
networks and sewerage networks are in various (sometimes unknown) states of repair, and there are 
moves to instigate an asset management program to try and better prioritise maintenance and further 
investment. There is general agreement that low-maintenance biological treatment processes are likely 
to be better operated and maintained in the long term.
The Natural Resources Conservation Authority (NRCA) are responsible for monitoring the 
performance of treatment works as well as the quality of industrial effluents (see Table 4.1b:2,4). 
Though these responsibilities are enshrined in the Water Act and the NRCA Act respectively, the 
NRCA in particular has some difficulties in enforcement and prosecution of the major polluters.
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“The NRCA has a problem in enforcing. It almost needs to take, what, 70% of our sewage 
treatment works are giving unacceptable effluents, and have been doing for decades. But the 
NRCA can't take them to court. It can't take the National Water Commission to court easily. 
So it's very tied. And that reflects in terms o f people's attitude. I  mean, public health 
inspectors refuse to take small people to court for pollution if they can't take the main 
polluters in the island to court. Why should they take the little man and punish him? So, it 
becomes a sort o f pervasive attitude of. Non-compliance is OK. (B3:262)
Because the financing of UWM infrastructure is so often from external funding agencies, finance is 
available on a project-by-project basis, and long term co-ordinated planning becomes difficult. To 
address this issue, finance is being sought from the private sector, and especially from the tourist 
industry. There is a recognition that public health and the quality of the aquatic environment have 
implications for tourism, and so hoteliers are taking an interest in sanitation and wastewater 
management (see Table 4.1b:3,6). There is criticism of the nature of private sector involvement in 
Kingston’s water sector. Companies have tried to profit from a limited area rather than address 
problems holistically.
“They are talking now about private sector involvement in the water sector because the 
realisation is coming in that the system is going to collapse unless someone brings in money 
from outside. It is not being, in my opinion, properly thought through. Primarily, there's been 
a whole string of people coming in with wonderful schemes, but they're looking more at [...] 
supplying additional water rather than looking at the problem as a whole. You cannot just 
supply water into a system where you're losing 60-80% of it. You're not getting revenue for  
60-80% of it. The only way could make it work is actually by making an incentive for  
somebody to deal with the system as a whole. ” (B9:358)
Willingness to pay for sanitation and wastewater management on the part of the public is generally 
high, but few households have the necessary finance up front. The connection of individual households 
to a lateral sewer can be the most significant and sometimes the prohibitive cost when one looks at the 
ability of a community to pay for sanitation, and should be costed into projects. A project exists in 
Negril where of 800 properties that are physically able to connect to the installed sewerage system, 
only 30 households have been able to afford to do so. Stephen Hodges describes how sanitation credit 
schemes have been used to deal with this problem in two informal settlements on the periphery of one 
of Jamaica’s largest urban areas and tourist resorts.
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“There was a credit scheme worked in where basically we had an available JA$ 60,000 a lot 
[...] the households [...] were going to have that money attached to their mortgage for the 
land, water supply and stuff, so it was a small proportion of what they were going to have to 
pay. [...] We're kind of convinced that we now know that we can make sanitation credit work, 
I  think that we regard that there is obviously a need for some grant and some credit, you 
know, 40-60,000 dollars is quite a lot even for people who can afford sanitation to afford 
cash, but credit would definitely lubricate the process, which is what we found. ” (B3:39)
The greatest problems experienced with such credit schemes in Jamaica relate to the government’s 
failure in the past to collect on loans and a resulting reluctance to keep up with payments on the part of 
some communities. This is, in part, related to the allocation of infrastructure on the basis of political 
allegiance in the past (see Table 4.1b:2,5).
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Institutional
factors:
Brief comments Implications
Existing roles and 
responsibilities for 
organisation and 
management; 
relationship 
between 
departments; 
level of staffing
- Responsibility for sanitation and UWM is 
shared between several organisations including 
the National Water Commission (NWC), the 
Natural Resources Conservation Authority 
(NRCA), the Environmental Control Division 
(ECD)and various NGO’s and private 
developers. (B3:197)
- This shared responsibility means the 
relationships between these organisations are 
sometimes problematic. (B3:207)____________
- The process of planning sanitation and 
wastewater management developments needs to 
be inclusive such that the interests of these 
organisations are represented and plans are co­
ordinated. (B9:335)
- Care should be taken to ensure that shared 
responsibility does not mean either i) duplication 
of responsibility or ii) a lack of responsibility for 
certain aspects of UWM. (B3:208)
Existing 
infrastructure: 
performance, 
operation and 
maintenance of 
existing treatment 
works; 
water losses; 
responsibilities
- The majority (70%) of existing mechanical 
treatment works are performing badly, though 
waste stabilisation ponds are performing well. 
(B3.-263)
- Water losses in certain areas are considerable, 
partly because of leakage and partly because of 
illegal connections. Sewerage networks are 
performing badly in places. (B9:376)
- NWC holds ultimate responsibility for the 
performance, operation and maintenance of 
treatment works across the island. (B ll:29)
- In many cases, treatment works have been 
installed by private developers. (B9:430)______
- Low maintenance, biological treatment 
processes are likely to be better operated and 
maintained on a long term basis than are 
mechanical, energy-intensive ones. (B3:350)
- Asset management programmes should be 
instigated to enable maintenance and further 
investment to be prioritised. (B9:390)
- The process whereby private developers hand 
over the operation and maintenance of treatment 
works to the NWC could be improved to allow 
for a smoother transition and to ensure that the 
necessary information is passed on. (B9:431)
Legislation; 
policing and 
regulation 
responsibilities and 
capabilities
- The Water Act says relatively little about 
wastewater management, only that the NWC may 
declare an area to be sewered and may charge. 
(B9.-432)
- The NWC are unable to dictate the type and 
performance of treatment works installed by 
private developers. (B9:434)
- The NRCA Act dictates that the NRCA is 
responsible for monitoring the performance of 
treatment works, and for ensuring that 
environmental impact assessments (EIA) are 
carried out on all new developments. (B8:44)
- The NRCA finds it difficult to prosecute the 
NWC and the Ministry of Housing, and are 
therefore reluctant to prosecute smaller polluters . 
(B3:262)___________________________________
- The Water Act could be extended to ensure that 
new treatment works meet a given standard in 
terms of design and performance, and that the 
process of hand-over to the NWC is improved. 
(B9:434)
- Unless the NRCA is given the capability to 
prosecute the major polluters there is a danger 
that an attitude of non-compliance will prevail 
amongst the lesser polluters. (B3:265)
Politics; 
bribery and 
corruption
- Particular areas of Kingston are affiliated with 
political parties, and in the past have received 
loans and been provided with housing and 
infrastructure in return for their support. The 
majority of these loans (86%) were not repaid. 
(B3:515)_________________________________
- The government now finds it difficult to collect 
repayments on loans as a result, and this can 
affect the viability of sanitation credit schemes. 
(B3:511)
Finance: sources, 
availability, 
relations with 
donors, aid agencies 
etc.;
use of the private 
sector;
willingness to pay
- Finance for infrastructure development is 
largely from funding or lending agencies or from 
government funds. (B3:174)
- Relations with the funding agencies are good 
but funding can suddenly be withdrawn because 
Jamaica is considered to be on the borderline 
between a developed and a developing country. 
(B3:171)
- NWC is currently seeking to involve the private 
sector in UWM according to various different 
models. The tourist industry are keen to be 
involved, having made the link between 
sanitation, UWM and thé quality of the aquatic 
environment. (B3:310)
- Willingness to pay for sanitation and UWM is 
relatively high, but credit schemes are necessary 
for households to be able to afford the necessary 
infrastructure. (B3:46)_______________________
- Plans for UWM have to comply with the 
policies of funding or lending agencies, and these 
are often considered more important than 
national legislation. (BIO)
- Because funding is available on a project-by- 
project basis, and because plans have to comply 
with the policies of different agencies, it is 
difficult to make co-ordinated, long term plans. 
Improved communication could help to make 
planning more sustainable. (B5:48)
- Finance has to be sought from a number of 
sources including funding and lending agencies, 
government funds and the private sector. (B3:50)
- Communities are willing to pay for sanitation 
but credit schemes and loans need to be used to 
pay for the necessary infrastructure upfront. 
(B3:46)
Table 4.1b Institutional factors of relevance for urban wastewater management
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For Parr and Horan (1994) ‘existing roles and responsibilities’ and ‘legislation and regulation’ give an 
indication of the ‘ability and willingness to expand and cope with change’, ‘may preclude or favour 
certain treatment options’ and may also help to gauge ‘requirements for staffing and training’ as well as 
‘operation and maintenance duties’. The data we have collected confirms these points but also 
indicates that consideration of these factors can also reveal a great deal more about the planning of 
sanitation and wastewater management projects. Our interviews led us to an understanding of how 
strategies for UWM are co-ordinated and why they have failed in the past. The performance of 
existing infrastructure is important to consider not only because it can preclude or favour treatment 
processes that might be used in the future, but also because it can hint at wider processes which are 
influencing urban wastewater management practice.
Our evidence suggests that the area of ‘politics; bribery and corruption’ is not as influential in Jamaica 
as Parr and Horan seem to suggest it is in Mauritius when they state that it has a ‘fundamental effect 
on all processes’. In contrast, we found the issue of finance to he very important. For Parr and Horan, 
finance (and its sources, availability and so on) is ‘a basic consideration’. Our evidence suggests that 
in Jamaica it is usually the first consideration. Jamaica’s wastewater management strategy is heavily 
influenced by external funding agencies such as USAID and the World Bank. Not only do these 
organisations dictate the scale of investment possible in infrastructure but they also influence its nature. 
Developments have to adhere to the policies of these organisations. The significance of these 
organisations in Jamaica and many other countries is so great that their past records, their current 
priorities and the wider implications of using these sources of funding ought to be considered as well as 
‘relations’ with them.
As well as these international agencies, the implications of involving the private sector were deemed by 
the stakeholders interviewed to be far wider than is suggested by Parr and Horan’s framework.
“The real opportunity for private sector involvement in the business in a meaningful way is 
when private capital is willing to make the investment in the physical infrastructure and 
operate and maintain themselves, just the same way they build houses [...] but [...] there’s no 
romance in investment. People tend to look for return, and why invest in water supply and 
hassle with customers to pay their bills when you can get 25% or 30% riskfree on government 
paper [...]. Most of the time, the limiting factor in the operating entity tends to be cash. 
[Management contracts] don’t come with cash. They may corne with laptops, but laptops 
don’t go very far in terms of providing water in the pipes. ” (B5:238)
The EC list five key institutional principles to be applied in managing water and wastewater. Firstly, 
they stress open government; second, a management system which facilitates involvement of 
responsible authorities at different levels; third, the involvement of the private sector; fourth, the 
necessity of involving all stakeholders in ongoing capacity building; and fifth, that ‘management 
systems should he transparent and accountable, and appropriate management information systems
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should be established’ (see EC, 1998:42-45). In applying these principles at the identification stage, 
the EC are concerned with municipal structures and the functions and responsibilities of different 
agencies, and also with the potential for co-operation between them, and with operation, maintenance 
and management capabilities and training needs (see EC, 1998:123-125). There are distinct parallels 
with the concerns of Parr and Horan. In addition, however, the EC suggest that stakeholder 
participation should be encouraged. They also encourage decision makers to consider the types of 
private sector participation that are possible. One of the major institutional factors encountered in 
Jamaica was a lack of co-ordination between the several different funding agencies with a presence on 
the island. Each of these agencies has, for various reasons, favoured different technologies or 
management systems and as a result there are frequently problems relating to incompatibility. Neither 
Parr and Horan’s or the EC’s frameworks addressed this issue.
At the formulation stage, concern is with legislative change, with the involvement of NGO’s, and with 
monitoring systems (see EC, 1998:158-160). All were identified as important by the stakeholders we 
consulted, and in addition, the majority agreed that information provision and communication were 
important for institutional aspects of the planning process. We will return to the issue of information 
and communication - the subject of a sixth set of principles proposed by the EC.
4.2.3 Technological factors
The infrastructure for UWM utilises a host of different technologies. There are several forms of 
sanitation technology at the household level. There are a number of ways of collecting wastewater 
from households and communities, and of transporting that wastewater to be treated and discharged. 
There are many more technologies for the treatment of wastewater, from simple settling tanks to 
complex technologies for the removal of specific pollutants. Furthermore, different technologies are 
employed in the recycling and re-use of treated wastewater and biosolids.
Neither of the guidelines under discussion offer decision makers assistance in choosing specific 
technologies, stating that too much emphasis has been placed on ‘technological choice’ in the past to 
the neglect of other important factors in the decision making process (i.e. economic, institutional, 
environmental and social factors). They are concerned instead with those factors which will influence 
the range of technologies which are feasible. Here we present our findings in the same format as Parr 
and Horan (1994), covering seven areas. These are the capabilities of the workforce, the availability of 
materials, spare parts and expertise, wastewater characteristics, present water supply and sanitation 
facilities, sludge disposal, design life and discharge standards.
Though the education levels and skills available in Jamaica are such that the selection of treatment 
technologies should not be limited by a perceived inability to operate and maintain mechanical 
treatment works, the cost of importing mechanical equipment and spare parts (as well as fuel) has 
meant that low maintenance biological treatment processes are favoured (see Table 4.1c:3,3).
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Problems experienced with mechanical plant led those concerned with selecting treatment technology 
in Jamaica to look for more appropriate alternatives, and although it is not written policy, waste 
stabilisation ponds (WSP) have become the preferred option. As Stephen Hodges puts it,
“Ponds are much more likely to work in the long term even given bad management and 
maintenance. ” (B3:352).
The wastewater generated by the island’s major industries requires special consideration. The effluent 
from sugar and coffee processing has a high solids content and a high organic load, while that from the 
extraction and processing of bauxite is alkaline. Of that wastewater which is collected for treatment, 
the majority is from residential, commercial or resort areas, and is consequently of such a composition 
that relatively simple treatment technologies can be employed (see Table 4.1c:3,4). The majority of 
Jamaica’s domestic wastewater, however, is collected in absorption pits and is subsequently absorbed 
into the soil before it eventually reaches the groundwater. As a result, the groundwater resources are 
very polluted (see Table 4.1c:2,5). In prioritising investments in sanitation and wastewater 
management, decision makers in Jamaica have to compare the impact of these diffuse sources of 
pollution with those from controlled effluent streams.
“We tend to have on-plot treatment even on quite small plots. It’s probably not very good for  
our groundwater. On the other hand, historically, if you have 70% of your sewage treatment 
works not functioning then all you’re doing is collecting the problem and discharging it in one 
place as opposed to discharging it all over the place. ” (B3:333)
Several of the stakeholders interviewed described there being great potential for the recycling of 
effluent and sewage sludge and thought that the main barrier was linking projects such that developers 
were required to identify a demand for their waste stream. There exist a number of schemes in which 
treated effluent is being used to irrigate lawns and golf courses. For Stephen Hodges, the more 
widespread use of partially treated effluent for irrigation would not present a substantial risk to human 
health, and polluted groundwater resources (unfit for potable use due to high nitrate levels) would be 
ideal for the irrigation of crops subject to processing before consumption, such as sugar cane (see Table 
4.1c:3,5).
Uniform discharge standards are applied across Jamaica, and though site specific standards are thought 
by many commentators to be more efficient, they are seen as difficult to administrate and monitor by 
Learie Miller of the NRCA. Alternative forms of control such as environmental permits or taxes would 
be perceived by an industry as an additional level of taxation and would therefore face considerable 
opposition (see Table 4.1c:3,8).
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“We're a sort of heavily taxed society, and so in circumstances such as ours, every time you 
impose some new level of taxation it could very well be the straw that breaks the camel's back, 
and this to some extent has probably prevented us from readily going to an environmental 
tax. " (B8:135)
Technological
factors:
Brief comments Implications
Education levels; 
skills; 
structure of 
workforce; 
training
- The Jamaican population is generally well 
educated, and skills and training are available for 
the operation and management of UWM 
infrastructure. (B4)
- Selection of treatment technologies should not 
be limited by a perceived inability to operate and 
maintain treatment works. The problems 
experienced are also related to a number of other 
factors. (B4)
Availability of 
materials/spare 
parts;
availability of local 
knowledge and 
expertise
- Materials and spare parts for mechanical plant 
and pumps are available but can be very 
expensive, particularly since foreign exchange is 
in short supply. (B8:247)
- Local knowledge and expertise for UWM is 
generally available. (B4)
- Opinion favours the use of low-maintenance 
treatment processes such as waste stabilisation 
ponds because expensive spare parts (and 
energy) are not required. (B8:247)
- Though knowledge is available, those problems 
experienced are often due to limited sharing of 
this knowledge. (BIO)
Wastewater 
characteristics: 
composition, flow 
variations, sources; 
industrial 
component
- That wastewater which is collected and treated 
is either i) from the 30% of Kingston which is 
sewered or ii) from the resorts of Negril, Ocho 
Rios and Montego Bay. (B4)
- The industrial wastewater component comprises 
effluent streams from bauxite extraction and 
processing and from sugar and coffee processing. 
(B4)
- The wastewater from New and West Kingston 
is typical of an upper class residential district and 
commercial area, while that from Negril and 
Ocho Rios is typical of tourist resorts and 
therefore domestic in nature but variable in flow. 
Relatively simple treatment technologies can be 
employed. (B4)
- The effluent streams from the major polluting 
industries require special consideration, given 
that they are very different in nature from the rest 
of the island’s wastewater. (B4)
Present water 
supply and 
sanitation facilities; 
proposed future 
investments
- Kingston’s water supply is increasingly from 
surface water abstractions. Groundwater was 
previously important, but has been polluted to the 
extent that it is no longer potable (only 5 of the 
30 wells used 25 years ago are still in use). 
(B5:292) Many hotels have their own 
desalination plants. (B l1:260)
- The majority (70%) of sanitation across 
Jamaica (and also within Kingston) is on-site 
absorption pits, and wastewater is therefore 
absorbed into the soil and consequently has a 
detrimental effect upon groundwater quality. 
(B3:687)
- A series of large waste stabilisation ponds are 
proposed to treat all of the wastewater from 
Kingston. (B5:605)
- Water supply is likely to become problematic in 
the future, as demand is increasing while 
groundwater quality continues to fall. Even if  the 
coverage of the wastewater collection system is 
improved drastically, the groundwater will take 
many years to recover (B3:378) (though it could 
be used to irrigate crops such as sugar since it is 
high in nitrates). (B3:638)
- There is a need for the increased collection of 
wastewater to protect groundwater resources and 
with them the island’s water supply, as well as 
for improved treatment of the wastewater which 
is collected so as to protect coastal water quality 
and with it the tourist industry (this is to say 
nothing of the need to protect public health). 
(BMe)
Problems of sludge 
disposal
- Sludge from treatment works is currently 
disposed of at sea or on agricultural land. 
(B8:199)
- Sludge from septic tanks is collected by tmcks, 
but there are no formal disposal sites. The 
contents are sometimes dumped into wastewater 
treatment works, at other times they are dumped 
illegally. (B3.-294)
- A system for sludge stabilisation and 
dewatering could be set up fairly easily. This 
could be an avenue for private sector 
involvement. (B3:304)
- The potential for re-use of sludge (in 
agriculture, for example) is one which could be 
explored. (BMe)
Design life of 
sanitation facilities
Not discussed
Discharge standards 
and controls
- Uniform discharge standards are applied across 
Jamaica, and these are ‘the standard 20/30’ (20 
mg/1 Biological Oxygen Demand, 30 mg/1 
Suspended Solids) with faecal coliform used as 
the indicator for pathogenic pollution. (B9:718)
- The discharge standards used are widely 
thought to be appropriate to Jamaica’s situation, 
though there is some debate regarding the need 
for tertiary treatment to remove nitrates. (B9:287)
- Though performance bonds are used in 
regulating the mining industry, alternative 
controls such as environmental permits or 
taxation (which could prove to be more efficient) 
would be perceived as increased taxation and 
would probably be rejected. (B8:134)
Table 4.1c Technological factors of relevance to urban wastewater management
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The framework proposed by Parr and Horan (1994) suggests that important factors to consider are 
‘education levels’, ‘skills’, ‘the stmcture of the workforce’ and ‘training capacity’, said to reflect the 
ability of a society to cope with wastewater treatment technologies. Though our data suggests that 
these factors are contributory, we found the availability of materials and spare parts to be less important 
in determining the most suitable treatment processes than their cost (and related to this, energy 
requirements and associated costs).
Our data suggests that wastewater characteristics are of great importance in determining appropriate 
treatment, and therefore agrees with Parr and Horan’s findings. The case of Jamaica, however, 
suggests that it is necessary to consider these together with the present and proposed water supply and 
sanitation facilities. The prevalence of on-site sanitation in Jamaica means that a significant proportion 
of the island’s wastewater is not collected for treatment. Decision makers need to take into account the 
comparative effects of diffuse and non-diffuse sources of pollution, as well as to consider a vast range 
of solutions; not only alternative treatment processes but alternative sanitation solutions and even land 
management practices.
“Evidence points quite strongly that in fact a lot of the nutrient comes from excess fertiliser 
application. [...] The phosphorus levels are probably more critical than the nitrate levels for  
causing the algal growth [...] which kills the coral reef. ” (B9:326)
In addition to this, decision makers need to consider how storm water is managed, and the magnitude 
of the impact this has on receiving watercourses in comparison to that from wastewater.
“Another major contributor is solid waste, in the sense that there are something like 19 
gullies and 2 rivers which empty in the Kingston Harbour. These gullies are the sort of city 
storm drains, and there are about 19 of them and so any solid waste that is put in them way 
up, whenever you have a significant rainfall then they ultimately get flushed into the harbour 
as well. So that is also a serious contributor. ” (B8:162)
Not only are the stormwater drainage networks significant, so too are sewerage networks. These may 
have particular characteristics or design features which affect the suitability of treatment processes and 
sanitation investments alike. Chris Shaw and Peter Morris describe how in UDC developments,
“We have had problems with running very shallow sewerage systems simply because o f what's 
put inside the sewerage system sometimes. People use them as almost alternative garbage 
dumps. You know, they'll lift the manhole covers and throw garbage in there because the 
garbage man hasn't come to collect the garbage for the last week. So from that point o f view, 
we tend to oversize a lot of our sewage systems, you know, in terms of the pipe bores and 
that. ” (Bll:147)
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“When we're doing the housing schemes we just try and get away from pumping. Everything 
is tried to be designed on a gravity flow system, and we'll go to great expense, possibly, in the 
roadwork and development work just to ensure gravity. ” (Bl 1:169)
Parr and Horan’s framework is designed with an emphasis upon the selection of appropriate treatment 
technologies, while other elements of the infrastructure for UWM are given less coverage. Our data 
suggests that these other technological aspects are of equal importance, and that a more holistic 
approach needs to be taken. In keeping with this, the re-use of sludge as fertiliser for agricultural land, 
together with potential for wastewater recycling and re-use is another issue that decision makers should 
consider. The EC (1998) suggest that stormwater flows should be considered in the planning of UWM, 
and as we have already seen, that clean technology should be promoted. They are therefore taking a 
more holistic approach, but decision makers are not actively encouraged to look at the comparative 
impacts of all of those sources described.
The other main concerns of the EC are with data collection and with the capacity to use and maintain 
technologies. Their guiding technological principles include a ‘balanced approach towards hardware 
and software components of projects’, and a ‘choice of technology based on efficiency, 
appropriateness, cost and suitability’.
The issue of discharge standards and controls is recognised by Parr and Horan to be of fundamental 
importance. The EC do not address this issue at all, and this is a key difference between the two 
frameworks. Our evidence suggests a reluctance on the part of those involved in setting standards in 
Jamaica to move beyond uniform standards and to introduce site specific standards or environmental 
taxation or permits. Perhaps decision makers should be encouraged to look at the potential barriers to 
change as well as existing controls.
Finally, a key influence on prevailing technologies are existing guidelines or codes of practice. 
Planners and decision makers should also be familiar with these and their implications. Stephen 
Hodges describes the changes he is trying to make to Jamaica’s Building Code with a view to 
legitimising certain sanitation technologies.
“I'm on the committee for the National Building Code, which doesn't have any non- 
waterbome solutions, in the National Building Code. [...] Well, given that 70% of Jamaica's 
population has a non-waterbome solution 1 think it's a bit o f an affront. So 1 would like [...] 
to write the page, in the right sort of format, for the building code that 1 can take along and 
say we need to put this in, this is how to build a latrine, and a VIDP and whatever other 
choices we have and this is the guideline for sizing them. So somebody can say, ''Yes, 1 have a 
VIDP built to the building code. " It's a way of legitimising it and promoting it in a way. ” 
(B3.-685)
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4.2.4 Environmental factors
Environmental factors are of importance for those planning strategies for UWM for a number of 
reasons, and from a number of different perspectives. From one point of view, environmental factors 
influence the types of technology which can be implemented. Climate, land use, geology and soil 
conditions determine whether particular sanitation or treatment technologies can be implemented, 
while hydrological characteristics can determine the ability of receiving water bodies to assimilate 
treated effluents. From another perspective, the way in which water is used by society is of interest 
because the potential (and, indeed, the need) for the re-use and recycling of wastewater can be gauged. 
Finally, the main purpose of strategies for sanitation and UWM is to remove pathogens and other 
pollutants from the immediate urban environment and to treat the resulting waste stream so as to 
protect the aquatic environment. As such, the protection of the aquatic environment is a key concern. 
Parr and Horan (1994) set out their framework according to these different perspectives, and the 
evidence we have gathered in Jamaica is organised below accordingly.
Jamaica’s climate, land availability, geology and soil conditions do not exclude or preclude any 
particular treatment options. The climate is amenable to waste stabilisation ponds, for which land has 
in some cases been set aside, and such ponds have become the favoured treatment process (see Table 
4.1d:3,2). The island’s rainfall and river flows are relatively high and though its rivers have some 
assimilative capacity, wastewater is generally discharged to coastal waters. The capacity of the aquifer 
beneath Kingston to assimilate wastewater discharges has been exceeded, and pollutant concentrations 
continue to rise. The influx of this groundwater into Kingston Harbour in addition to direct discharges 
has left the harbour heavily polluted (see Table 4.1d:3,3).
Water demand is set to rise as a result of population growth, increased urbanisation and changes in 
lifestyle. It is for this reason that the pollution of groundwater resources is of such concern. The main 
options available to meet this increased demand are the re-use of treated wastewater, the desalination of 
sea water (though this is only affordable for the major hotels), the treatment of the water abstracted 
from those wells which are no longer considered operative, or the increased collection and treatment of 
wastewater so as to allow groundwater quality to recover (see Table 4.1d:3,5).
In Jamaica, strategies for UWM have to take account of existing degradation as well as minimise 
potential problems. Of importance ecologically is Kingston Harbour. This was formerly an important 
breeding ground for a variety of fish species, but the water is no longer of sufficient quality to support 
them. Jamaica’s most sensitive ecosystems are its coral reefs, and these have already been badly 
damaged by eutrophication (see Table 4.1d:3,6). Significant in having created interest in sanitation and 
wastewater management is the fact that there are implications for the tourist industry.
"In Negril [...] this year’s winter storm has eroded the beach [because] the offshore coral 
reef which is 95% dead is dying down and allowing the seas to come in. ” ( C9:137)
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The greatest problems relating to noise, smell or the visual impact of plant identified by our 
interviewees were those impacts perceived by the public prior to construction and the difficulties these 
presented in getting proposals accepted. Had householders been consulted of course, these perceived 
impacts might well have turned out to be real. Either way, decision makers should be aware of any 
problems of this type, real or perceived, in planning UWM strategies.
Environmental
factors:
Brief comments Implications
Climate;
land availability and 
use patterns; 
geology; 
soil conditions
- Jamaica has a tropical, maritime climate but is 
cooler and wetter in the mountainous interior. 
(B12)
- Land is presently available for treatment works 
(including waste stabilisation ponds) to be 
constructed adjacent to the major urban areas. 
(B5:606)
- Soil conditions are amenable to the construction 
of absorption pits in most areas. (B2)
- Jamaica’s climate does not exclude any 
particular treatment options, and waste 
stabilisation ponds can operate successfully. (B4)
- The major issue with these ponds is their high 
land consumption but in Jamaica’s case land has 
commonly been set aside for this purpose. 
(B5:606)
- Where soil conditions have allowed individuals 
to build their own absorption pits, they may be 
suitable for the construction of septic tanks or 
shallow sewerage networks. (B3:328)
Hydrology (rainfall, 
river flows); 
groundwater 
characteristics; sea 
currents
- Jamaica’s rainfall and river flows are high. 
(B12)
- The aquifer beneath Kingston has traditionally 
been an important source of potable water, but is 
now badly polluted. (B5:292)
- Kingston Harbour, one of the largest natural 
harbours in the world, does not undergo 
significant circulation. (B3:649)
- The assimilative capacities of Jamaica’s rivers 
are not a major issue, as wastewater is generally 
discharged to coastal waters. (B12)
- The capacity of the gorundwater beneath 
Kingston to accept wastewater has been 
exceeded and its remediation is a major concern. 
(B3:637)
- Wastewater discharged to Kingston Harbour is 
not dispersed by sea currents, therefore improved 
treatment or long sea outfalls would be 
preferable. (B8:61)
Water use: for
domestic,
agricultural
(irrigation)
purposes; future
trends
- Water demand is set to increase, both as a result 
of population growth and because of changes in 
lifestyle. (B12)
- There is potential for wastewater re-use. 
(B8:256)
- Plans for UWM need to take into account 
increased wastewater flows. (B12)
-Some of the future demand can be met by 
wastewater re-use. (B12)
Water resources: 
availability, 
reliability, quantity, 
quality;
fiiture prospects
- Surface water is currently sufficient to provide 
Kingston with much of its potable water, but 
before long alternative sources of water will have 
to be utilised. (B12)
- The pollution of the groundwater resources not 
only restricts their use in supply, but also 
contributes as much as half the pollution load to 
Kingston Harbour. (B3:639)
- In terms of quantity, Jamaica’s water resources 
are plentiful. Adequate UWM strategies are 
necessary, however, to maintain their quality. 
(B12)
- The only alternative sources of water are 
groundwater and desalinated water. Either more 
sophisticated treatment of abstracted water will 
have to be introduced or wastewater collection 
will have to be increased so as to allow 
groundwater quality to recover. (BMe)
- Strategies to improve the water quality in 
Kingston Harbour should take into consideration 
the impact of polluted groundwater flowing into 
the harbour. (BMe)
Special factors, e.g. 
presence of 
sensitive areas 
(Boral reefs, 
mangroves, 
rainforests, etc.), 
wildlife habitats, 
areas at risk of 
eutrophication
- Parts of Jamaica’s coral reef have been killed 
off by poor coastal water quality. (B9:138)
- Kingston Harbour, formerly an important 
breeding ground for many fish species, is 
biologically dead in places. (B3:649)
- Many of Jamaica’s sensitive areas have already 
been damaged. UWM strategies should be 
designed to allow these areas to recover. (BMe)
- The fate of the coral reefs has meant that the 
island’s beaches are no longer protected from 
storms. This is one reason why the tourist 
industry may be inclined to assist with UWM. 
(B9:137)
Impact of any plant: 
noise, smell, 
insects, rodents, 
health
considerations and 
visual impact
- Problems are often experienced because of the 
perceived impact of treatment processes. 
(B5.-494)
- Proposals for UWM should take into account 
public perception of technologies and steps 
should be taken to reassure the public where 
necessary. (BMe)
Table 4.1d Environmental factors of relevance for urban wastewater management
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Of climate, land availability and use, geology and soil conditions, our evidence suggests that land 
availability is the key determiner of whether or not treatment options are feasible. In looking at surface 
water, groundwater characteristics and sea currents and the dilution and assimilation capacities of these 
water bodies, our data indicates that it is necessary to study their quality as well as their volume, as this 
is an equally important determiner of assimilation capacity. Our experience suggests that it is 
important to find out if any modelling has taken place (either of the ecosystem under consideration or 
of other areas) from which extrapolations or better informed judgements can be made. Computational 
models are widely used for this purpose in the industrialised world, and though our data suggests that 
such models are little used in Jamaica, some exist, and could be useful as aids to the planning process 
or at least as sources of information regarding winds, tides, topographies and so on.
Water use is considered relevant because it affects water demand and the potential for re-use and 
recycling. Our evidence supports this assumption. The likely applications of treated wastewater in 
Jamaica are the main determiner of whether or not re-use and recycling is either practical or 
economical. The availability, reliability, quantity and quality of water resources, however, are relevant 
for different reasons. Our data shows that the availability and quality of water resources can also 
dictate the overall strategy for wastewater management as well as determine the priority areas in terms 
of treatment, patterns of urban development and so on. It is of fundamental importance to decision 
makers in the domain of urban wastewater management.
Consideration of special areas needs to take into account damage which has already taken place, and 
the possibility of this being repaired by appropriate strategies for wastewater management. An 
important issue for the stakeholders consulted in Jamaica which Parr and Horan do not consider is the 
existing procedure for environmental impact assessment (EIA). Interviewees expressed reservations 
about the effectiveness of the EIA procedure and the legitimacy of some of the results. There may be 
other concerns with the EIA process and for this reason it is something which ought to be considered in 
the decision making process and in prioritising future investments.
"The system has a skew to it which needs to he looked at, which is basically, it's client driven. 
In other words, we, the client, are paying the environmentalists to do an assessment on one of 
our projects. Therefore, there's an inherent bias that he doesn't do the assessment and say, 
‘This project should not go through. ’ I've always had a problem with that, although we 
benefit from it as well, that the level of transparency is dependent on the integrity o f the 
consultant doing it. ” (B11:230)
Not only are existing EIA procedures overlooked in the two framework documents discussed but the 
alternative means of assessing environmental impact presented are, like their means of selecting 
technologies, too narrow in scope. Though the EC’s guiding principles are that water related activity 
should cause least detrimental effect on the natural environment and its health giving properties; that
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water should be allocated for environmental purposes; and that environmental change should be 
monitored, the holistic approach recognised as being necessary by the stakeholders we interviewed in 
Jamaica is not advocated. Neither is the link between economy and environment apparent to the 
interviewees, and particularly pertinent in economies dependent on tourism, given sufficient emphasis. 
The EC (1998) are otherwise concerned with baseline data, effects on groundwater quality, and with 
potential impacts of effluent streams on downstream water quality. These are very traditional ways of 
looking at the environmental impact of UWM, and do little to address problems such as the one 
described by Chris Shaw of the UDC.
“We have an environmental assessment done for almost every hotel on the Negril strip, but 
nobody has done, although we've been asking for it, a full strip assessment, to really 
understand the full impacts o f all the developments. ” (B11:256)
In that the knowledge held by the stakeholders interviewed in Jamaica is more advanced in terms of 
sustainable UWM than that documented in the extant knowledge of the domain, and in that it came 
about through interpreting this knowledge, we consider it to be emergent.
4.2.5 Social factors
Like environmental factors, social factors are important to those planning UWM strategies from a 
number of different points of view. For one, sanitation and UWM infrastructure is there to remove 
pathogens from the urban environment so as to protect public health and also to maintain the quality of 
water resources for supply and recreation. To do so, this infrastructure needs to be designed to take 
account of demographic factors such as rates of population growth and urbanisation, types of housing 
and associated requirements in terms of feasible sanitation technology and water use. Finally, this 
infrastructure has to be compatible with society’s desires and preferences, and with the cultural and 
religious values they hold, since it is the users of this infrastructure who are expected to pay for the 
service it provides.
The prevalence of faecal related diseases in Jamaica is relatively low, and some are of the opinion that 
the connection between disease and sanitation needs to be re-established in people’s minds such that 
the need for sanitation and wastewater management remains clear. The possibility of a typhoid or 
cholera outbreak is one which would have a devastating effect on the tourist industry, and for this 
reason hoteliers and chambers of commerce type organisations are showing support for sanitation and 
wastewater management initiatives (see Table 4.1e:3,2).
The most significant shifts of population are those towards the resort areas. Migrants are living in 
informal, unplanned settlements where the need for sanitation and wastewater management is 
something of a priority (see Table 4.1e:3,3). Housing has a major impact upon the planning of 
sanitation and wastewater management. The quarter of the Jamaican population who live in informal
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settlements are either without a sanitation solution or are using very simple absorption pits. These 
settlements are in need of affordable, appropriate solutions and have not received sufficient attention 
from planners.
Wastewater is currently used for the irrigation of lawns and golf courses. Proposals for wastewater re­
use for other purposes have to take public perceptions of these uses into account to get some measure 
of their acceptability. Public desires and preferences, as expressed by community groups, by 
individuals and by environmental pressure groups have been very important in determining the long 
term success (and therefore the sustainability) of schemes for sanitation and wastewater management in 
general (see Table 4. le:3,6).
“If  there's a housing development or any sanitation undertaking, and you prescribe pit 
latrines or you know, ventilated improved pit latrines, they will stone you because that is not 
acceptable. So here is the dilemma. Half the population uses it, but if it's prescribed it's not 
acceptable because the Jamaican perception is that civilised waste disposal is flush toilet. 
Now a flush system, or waterborne system, which is the front end, has a lot o f back end 
implication. As you know. Implications for groundwater if there isn't a carriage system. And 
so for example in Kingston where for years there has been a proliferation o f flush systems 
without the carriage, increasing levels of nitrate have literally knocked out the underground 
water source as a viable water supply source.” (B5:260)
The issue of willingness and ability to pay for water and for sanitation and wastewater management is 
one which is at the forefront of many decision makers minds in Jamaica. Tariffs are set by the NWC to 
cover the costs of water supply, sanitation and wastewater management, but according to some 
stakeholders these tariffs are insufficient to sustain operation and maintenance of wastewater treatment 
facilities (see Table 4.1e:2,8). Nevertheless, collection is sometimes difficult. Where tariffs are 
separate, people are less willing to pay for sanitation and wastewater management alone then they are 
to pay a combined charge while some areas are considered too dangerous to go into. At the time of our 
study, a night time curfew was imposed and the military had been called in to try and curb violence in 
parts of Kingston.
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Social factors: Brief comments Implications
Health
characteristics; 
important faecal- 
related diseases; 
health services 
available
- Faecal related diseases are present in Jamaica, 
but infection rates have been reduced in the last 
20 years. (B3:138)
- There have been some cases of typhoid in the 
past, but none of cholera. (B3:149)
- The connection between sanitation and disease 
needs to be re-established in people’s minds, so as 
to build support for sanitation and UWM projects. 
(B3:140)
- An outbreak of cholera or typhoid will destroy the 
tourist industry, and for this reason the tourist 
industry is willing to support sanitation and UWM 
initiatives. (B9:729)
Demography: 
population 
distribution (age 
and location, 
growth rates); 
migration; 
urbanisation
- Though population growth and urbanisation of 
Kingston are taking place, the most significant 
migration patterns are those to the resorts of 
Ocho Rios, Negril and Montego Bay. (BIO)
- Migrants to the resorts are living in informal, 
unplanned settlements with little or no infi-astructure 
for sanitation and UWM. These conditions present 
a threat to public health and to the aquatic 
environment. (B3:308)
Cultural and 
religious aspects, 
including sanitation 
aspects
- There are no culmral or religious objections to 
any particular sanitation technologies, but cistern 
flush toilets are perceived to be the proper form 
of sanitation. This is attributed to the influence 
of satellite TV. (B3:691)
- Wastewater re-use is currently accepted for the 
irrigation of lawns and golf courses. (B8:269)
- Pit latrines and absorption pits, though widely 
used, are not considered acceptable where 
prescribed in new housing developments. (B5:262)
- Strategies for wastewater re-use should take into 
account public perceptions. The irrigation of crops 
which are processed before consumption such as 
sugar and coffee is one area with potential. (B3:632)
Housing facilities, 
type, distribution
- There are half a million households in Jamaica 
(B3:83), and a quarter of these are in informal, 
unplanned settlements. It is these settlements 
where the greatest growth is taking place. 
(B3:250)
- Some informal settlements are being upgraded, 
and some formal housing development is taking 
place. (B3:41)
- A great many households in Jamaica are without a 
sanitation solution or are using very simple 
absorption pits. (B3:395)
- New or upgraded settlements, though provided 
with sanitation solutions, tend to be unaffordable to 
the poorest families. These families tend to move on 
and so the problem is exacerbated elsewhere. More 
affordable sanitation solutions need to be explored.
Public desires and
preferences;
aesthetic
considerations,
pressure groups;
welfare and equity
considerations;
willingness to pay
for wastewater
treatment
improvements
- Sections of the Jamaican public have previously 
expressed preferences for particular sanitation 
technologies and for particular treatment 
processes. (B5:490)
- Welfare and equity considerations have often 
been a requirement of funding or lending 
agencies. (B5:37)
- Environmental pressure groups have made 
demands for improved wastewater treatment. 
(B8:301)
- Communities have sometimes expressed a 
willingness to pay for better treatment than that 
specified by the NWC. (B5:496)
- Public desires and preferences have proven to be 
very important determiners of the sustainability of 
schemes for UWM. The motivations for these 
desires and preferences have sometimes been 
surprising, and so measures to elicit them should be 
incorporated into the planning of projects.
Attitudes to the use 
of land
- The value of land for development is often 
underestimated in the widespread move towards 
waste stabilisation ponds as treatment 
technology. (B ll:85)
- Proposals for treatment processes should take 
account of the value of land, and the potential for 
alternative developments.
Water demand and 
use; tariffs; methods 
and ability for 
payment; 
willingness to pay 
for water
- Water demand is largely met, though some 
areas are sporadically without supply. (B9:371)
- Water supply is generally metered, though 
losses are very high in some areas. (B9:40)
- Tariffs are set by the NWC to cover the cost of 
both water supply and wastewater management, 
though they sometimes are insufficiently high. 
(B3.-344)
- Collection is difficult in some areas of 
Kingston, partly because losses are so high, 
partly because the areas are considered 
dangerous. (B3:568)
- Water supply and sanitation are generally viewed 
as separate entities, and where the two are 
competing for the same resources, water supply 
tends to be preferred. (B5:684)
- The linkage between the two can be exploited to 
build support for sanitation and wastewater 
management, particularly since the tariffs are 
collected together. Where the tariffs are separated, 
there is less willingness to pay for sanitation and 
wastewater management alone. (B5:677)
Table 4.1e Social factors of relevance for urban wastewater management
Consideration of health characteristics and the prevalence of important faecal related diseases is 
considered important by Parr and Horan (1994) because it may necessitate certain types of treatment. 
In our case study, it also served to make decision makers refocus on the link between sanitation, 
wastewater management and public health, which has been weakened in recent years.
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Jamaica’s demography not only pointed to ‘present and future demands and needs’ but also brought to 
the fore the relationships between migration, the tourist industry, informal housing, sanitation and 
public health. Our evidence suggests that a decision making framework needs to emphasise broad 
patterns and encourage planners to look at cause and effect within the UWM field. The link with 
housing, for example, is clear. Not only does housing ‘preclude or favour certain treatment options’ 
but it also suggests the ability of a community to pay for a sanitation solution or wastewater 
management proposal and the priorities in terms of public health or environmental protection. Tariffs 
and ability and willingness to pay are sometimes the chief determiners of the sustainability of sanitation 
and wastewater management schemes. Our data suggests that decision makers need to look into 
whether low-cost, appropriate technologies are necessary, at whether these are feasible and likely to be 
accepted and at whether any kind of credit provision is necessary.
Cultural and religious aspects can preclude or favour certain treatment options. Decision makers 
should look for surveys carried out in the past and should explore other means to elicit public desires 
and preferences. Parr and Horan suggest that attitudes to the use of land are important. In Jamaica, 
perhaps because the indigenous population have been wiped out, the cultural value attached to land 
does not seem to be an issue and in fact, the value of land for alternative commercial or residential 
development appears to be more pertinent.
The EC’s (1998) guiding social principles are that ‘water supply and sanitation are basic human needs’, 
that ‘a participatory approach should be employed’, and that ‘gender issues should be taken into 
account’. Their specific concerns at the identification stage include the needs of the poorest groups and 
of peri-urban areas, the preferences of users and the involvement of users in the planning process. At 
the formulation stage, the guiding principles translate to consideration for local knowledge and 
indigenous practices, effects on health and the needs of minority groups and women. Though the need 
for increased participation and of the need to deal with the poorest groups was acknowledged, the 
concept of indigenous practices, minority groups and gender issues were seen by the majority of the 
stakeholders interviewed in Jamaica to be redundant, and applicable elsewhere.
4.3 Emergent knowledge of urban wastewater management planning
In the domain of UWM planning for developing countries, the extant knowledge is limited to the 
guidelines published by international agencies to guide the infrastructure development projects they are 
funding in developing countries. These frameworks have increasingly come to take the form of 
checklists which suggest the ‘factors to consider’ in planning UWM strategies, and the guidelines 
produced by Parr and Horan (1994) for process selection for sustainable wastewater management and 
by the EC (1998) for sustainable water resources management are typical. An identical format is 
adopted by the EC for many other areas of environmental planning, including forestry (see EC, 1996a) 
and transport (EC, 1996b).
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By studying how these ‘repositories of knowledge’ are interpreted and applied in different regions or 
contexts, one can elicit ‘emergent knowledge’. We have interviewed stakeholders representative of the 
majority of those groups involved in the planning of UWM, and by comparing and contrasting their 
knowledge with that held in the repositories discussed, have gathered emergent knowledge. This 
emergent knowledge has been organised into economic, institutional, technical, environmental and 
social factors, and is underlined below in Tables 4.2a to 4.2e. Taken together, these tables constitute a 
revised version of Parr and Horan’s (1994) checklist.
Besides looking at reliance on sectors of the economy and the way in which this may limit or favour 
treatment options, the evidence gathered suggests that attention should be paid to the sectors in which 
growth is expected to take place and to any economic measures being imposed by external agencies 
which might affect this growth. The extent of a country’s ‘reliance on external funding or lending 
agencies’ should also be considered separately by planners and decision makers. Jamaica’s lack of fuel 
reserves is important both economically and in influencing the sustainability of certain technologies 
across the island. It serves to highlight the importance of energy considerations to the planning of 
sustainable wastewater management strategies. As with materials and spare parts, it is not the 
availability of fuel but its cost which makes energy intensive systems for collection and treatment 
inappropriate and unsustainable, and the ‘cost of energy supplies’ should be a component of any 
checklist.
Economic factors Relevance
Structure;
output by group; industrial component; employment; 
foreign exchange earnings (exports): growth areas: changes
Reliance on sectors of the economy: may limit or favour 
treatment options
Problems can be anticipated, future investments can be
being imoosed from outside nlanned
Size;
future prospects;
balance of payments;
trade relations;
isolation and vulnerability;
foreign exchange and capital availability;
distribution of incomes;
cost and availabilitv of energv supnlies:
reliance on external funding or lending agencies
Ability to cope with, and respond to, change: to pay and 
sustain: sustainabilitv of energv intensive technologies is 
affected
Table 4.2a A checklist of economic factors to consider in process selection for sustainable 
wastewater management (adapted from Parr and Horan, 1994)
Our key finding with regard to Parr and Horan’s institutional factors, relating to the last point made, is 
that insufficient emphasis is placed upon the influence of funding or lending agencies on the one hand 
and of private sector organisations on the other. It is necessary to look at the policies, motives and past 
records of these organisations (rather than simply how they will finance infi*astructure development) as 
they can have a great influenee upon the planning process. Decision makers should look in particular 
at ‘the collective impact of different policies imposed by different funding sources’ and whether there 
is ‘potential for improved co-ordination to bring about more integrated plans’. Co-ordination between 
different stakeholders is important, as the EC framework emphasises. Our evidence suggests that 
mechanisms to improve co-ordination could be helpful.
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Institutional factors Relevance
Existing roles and responsibilities for organisation and 
management;
relationship between departments; 
level of staffing
Ability and willingness to expand and cope with change; may 
preclude or favour certain treatment options; requirements for 
staffing, training, etc.: reveals level of co-ordination and 
reasons for oast failures
Existing infrastructure: performance, operation and 
maintenance of existing treatment works; 
water losses; 
responsibilities
Ability to expand and cope with change; operation and 
maintenance duties; water management issues; may preclude 
or favour certain treatment ontions: studving the oerformance 
of existing infrastmcmre can reveal influential factors which 
mav need to be addressed
Legislation;
policing and regulation responsibilities and capabilities
Abilitv to cope with change: smdving existing legislation and 
enforcement can reveal influential factors which mav need to 
be addressed
Politics;
bribery and corruption
Fundamental effect on all processes
Finance: sources, availability, relations with donors, aid 
agencies etc.;
Dolicies and past records of funding agencies: collective
imnact of different policies imposed bv different funding
sources: ootential for imnroved co-ordination to bring about
more integrated nlans
use of the private sector;
nature of private sector involvement
willingness to pay
Basic consideration: is it affordable, who pays and how? 
consideration should be given to phasing of proiects: funding 
agencies and private sector organisations can have a 
significant influence upon the planning process:
Table 4.2b A checklist of institutional factors to consider in process selection for sustainable 
wastewater management (adapted from Parr and Horan, 1994)
The European Commission’s call for clean technology, though admirable, does not provide a 
framework through which decisions regarding different technologies can be made. In looking at the 
environmental impact of various technologies employed in wastewater management, and considering 
them together as a system of infrastructure, the user of a checklist will inevitably become aware of the 
comparative impacts of the different parts of this system. It is here that clean technologies need to be 
considered, and it is here that tools to enable these impacts to be weighed against one another ought to 
be used. The environmental impact of collected and partially treated wastewater upon coastal reefs, for 
example, may be less than that from uncollected wastewater upon groundwater resources. The run-off 
from paved areas or from agricultural land may be equally significant. Similarly, production of the 
energy consumed in treating wastewater to a certain quality may cause more environmental damage 
than that wastewater would have done had it been discharged without that additional level of treatment. 
For this reason, where as the frameworks presented focus upon the selection of wastewater treatment 
technologies, the emergent knowledge we have gathered from stakeholders in Kingston indicates that 
decision makers should be encouraged to ‘consider the urban water cycle from precipitation through to 
assimilation’ and to ‘apply life cycle thinking and compare the impacts upon the environment 
throughout’. The ‘potential for gravity drainage, for waste stabilisation ponds and for other less energy 
intensive infrastructure’ should be explicitly considered, together with the ‘potential for re-use and 
recycling of wastewater and sludge’.
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Technological factors Relevance
Education levels; 
skills;
structure of workforce; 
training
Ability to cope with sewage treatment technologies
Cost and availabilitv of materials/spare parts; 
availability of local knowledge and expertise
May preclude or favour certain treatment options
Wastewater characteristics: composition, flow variations,
sources; industrial component;
effect of uncollected wastewater: impact o f storm water
May preclude or favour certain treatment options; nutrient 
imbalance, shock loadings; toxicity problems must be 
addressed: diffuse oollution mav be more significant than that 
from collected wastewater: mav necessitate more holistic 
solutions
Present water supply and sanitation facilities; . 
nroDOsed fiimre investments: prevalence of on-site sanitation: 
characteristics of sewerage networks: ootential for gravitv 
drainage, for waste stbilisation ponds and for other less 
energv intensive infrastructure
Abilitv to cone with new facilities: wastewater treatment mav 
not be the best wav to protect public health or the 
environment: mav necessitate more holistic, life cvcle 
thinking
Problems of sludge disposal: potential for re-use and recvcling 
of wastewater and sludge: consider the urban water cvcle from
Often underestimated: can reduce environmental impact and 
provide benefits elsewhere: aoolv life cvcle thinking and look
orecioitation through to assimilation: at the impacts on the environment throughout
Design life of sanitation facilities Discounting a project to net present value over design life has 
a large effect on what type of project is viable;
Discharge standards and controls: barriers to change: codes of 
practice
Evolved to protect health or ecology; must be met by 
dischargers: can influence level of treatment: can influence
prevailing technologies and the acceptance of new 
technologies
Table 4.2c A checklist of technological factors to consider in process selection for sustainable 
wastewater management (adapted from Parr and Horan, 1994)
The above holistic approach to environmental impact assessment (EIA) necessitates a more extensive 
framework to guide a decision maker than an entry in a checklist. Though not discussed by Parr and 
Horan, such frameworks are often available and set out in legislation as EIA procedures. In planning 
sustainable wastewater management strategies, according to our data, a user of guidelines of this type 
should be asked to ‘look at the nature and the adequacy of the existing EIA procedure' and at the 
‘potential for life cycle thinking to be incorporated’. Environmental economics appears to have been 
absorbed as a principle by the majority of those stakeholders consulted, and perhaps planners and 
decision makers ought to ascertain ‘whether environmental economics has been used at all, and 
whether it might be incorporated into the existing EIA procedure’. As well as EIA procedures, other 
documents influential in the planning of sanitation and UWM infrastructure are existing standards and 
codes of practice for construction. These are given no attention either by Parr and Horan or the EC, yet 
our data suggests that decision makers should consider their ‘influence upon UWM and whether or not 
they could be revised or extended to encourage more sustainable practice’.
101
Environmental factors Relevance
Climate;
land availability and use patterns;
geology;
soil conditions
Precludes or favours certain treatment options (including 
sludge disposal)
Hydrology (rainfall, river flows); groundwater characteristics; 
sea currents: current cualitv: modelling studies
Dilution/ assimilation capacities: models mav have 
information encansulated within them
Water use: for domestic, agricultural (irrigation) purposes; 
future trends
Water demand and management; wastewater re-use and 
recycling possibilities
Water resources: availability, reliability, quantity, quality; 
future prospects
As above: can help to prioritise where and to which level 
treatment is necessary
Special factors, e.g. presence of sensitive areas (coral reefs, 
mangroves, rainforests, etc.), wildlife habitats, areas at risk of 
eutrophication: damage which has alreadv occurred
May need special protection; related in effluent standards; 
strategies for remediation can be planned
Procedure for environmental imnact assessment (EIA): 
potential for life cvcle thinking or environmental economics to 
be incornorated
Mav have weaknesses: mav influence the tvpes of treatment 
which have prevailed: mav be potential for life cvcle thinking 
to be incornorated
Impact of any plant: noise, smell, insects, rodents, health 
considerations and visual imnact: nerceived imnact
Must be considered before selection
Table 4.2d A checklist of environmental factors to consider in process selection for sustainable 
vyastewater management (adapted from Parr and Horan, 1994)
The holistic approach advocated for the assessment of environmental impacts can also be applied to 
that for the assessment of public health impacts. The costs and benefits of minimising faecal coliform 
concentrations (and therefore pathogenic pollution) in coastal waters surrounding a resort, for example, 
should be weighed against those of improving sanitation in the informal settlements from which the 
resort draws its workforce. A user of the checklist should be asked to ‘compare the risk to public 
health from household sanitation, through treated effluent to sludge disposal’ and to ‘apply life cycle 
thinking and compare the impacts upon public health throughout’. The meaningful comparison of 
public health or environmental impacts will sometimes require computer modelling to be carried out. 
Our evidence suggests that the lack of suitable data and the costs of setting up such models are often 
prohibitive in developing countries. However, decision makers ought to ‘find out if models have 
previously been used in the area’ and ‘whether they contain relevant information’.
The social factors identified by Parr and Horan pay insufficient attention to the poorest groups 
amongst society, and in particular the unplanned settlements and informal housing in which these 
groups live. This is a key issue for the EC, and the stakeholders we consulted indicated that holistic 
assessments of the risk to public health and to the environment such as those advocated will in many 
countries identify these areas as the top priority. The economic circumstances of these communities 
demand that affordable and appropriate technologies are used together with financing and management 
schemes in order for sanitation and wastewater management to be sustainable. For this reason, 
planners should investigate ‘the size and nature of the informal housing sector’ and the ‘feasibility of 
affordable and appropriate technologies to be applied.’
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Social factors Relevance
Health characteristics; important faecal-related diseases; 
health services available: comnare the risk to public health 
from household sanitation, through treated effluent to sludge 
disposal: annlv life cvcle thinking and compare impacts upon 
public health throughout
May necessitate certain types of treatment (to protect health); 
mav help decision makers to refocus on the link between 
sanitation and public health: mav help to prioritise 
investments to protect public health
Demography: population distribution (age and location, 
growth rates); migration; urbanisation
Present and fiimre demands and needs: migration and 
urbanisation are fundamentally linked to housing and 
sanitation
Culmral and religious aspects, including sanitation aspects May preclude or favour certain treatment options; some 
appropriate technologies mav be considered unacceptable
Housing facilities, tvne. distribution: size and namre of the 
informal housing sector
Mav preclude or favour certain treatment options: linked to 
abilitv and willingness to pav for sanitation: informal housing 
needs special consideration, and is often the priority in terms 
of public health and even environment
Public desires and preferences;
aesthetic considerations, pressure groups; .......
welfare and equity considerations; willingness to pay for 
wastewater treatment improvements: survevs carried out in 
the past
May preclude or favour certain treatment options; mav 
indicate feasibility of affordable and appropriate technologies
Attimdes to the use of land: value of land Mav preclude or favour certain treatment options: land mav 
have commercial value which precludes its use for treatment
Water demand and use; tariffs; methods and ability for 
payment: willingness to pav for water: evidence of credit 
schemes being used
May preclude or favour certain treatment options, plus water 
management considerations (need for re-use etc.l: credit mav 
be necessary in manv communities
Table 4.2e A checklist of social factors to consider in process selection for sustainable wastewater 
management (adapted from Parr and Horan, 1994)
Tables 4,2a to 4.2e above have summarised the findings from our case study in Kingston according to 
the framework presented by Parr and Horan (1994). The preceding chapter has also highlighted some 
key differences between the guidelines put forward by Parr and Horan and EC (1998). Besides the 
broader remit of the EC framework and the more prescriptive nature of their checklist -  where Parr and 
Horan include the phrase ‘existing roles and responsibilities’ in their checklist, the EC pose the 
question, “Which agencies, municipal, inter-municipal, governmental and non-governmental, are 
involved or have the potential to be involved?” -  there are several factors thought important to consider 
by the EC which are absent from the checklist of Parr and Horan. Briefly, these are:
financial analysis and accountability 
institutional reform and legislative change 
existing environmental guidelines 
stakeholder participation 
private sector participation 
peri-urban areas
economic valuation of water (including social, economic and health benefits) 
demand management
clean technology and life cycle solutions (from point of extraction to point of disposal) 
risk analysis
These factors were discussed with the stakeholders interviewed in Jamaica. Accepted and established 
as factors to consider in the planning process were the need for financial analysis and accountability.
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the need for institutional reform and legislative change in some cases, and the consideration of existing 
environmental guidelines. Stakeholder participation, private sector participation and strategies to deal 
with peri-urban areas had received attention on an ad-hoc basis, but there were no formal mechanisms 
for their inclusion in the planning process. The economic valuation of water, demand management and 
risk analysis were accepted as concepts that would improve the sustainability of UWM were they 
incorporated into the planning procedure, but with which there was very little experience. Finally, the 
recognition of the need for clean technology and for life cycle solutions could be discerned from the 
stakeholders interviewed, though they were not discussed in those terms.
It will be evident that there are key differences between the knowledge of the domain of UWM as it is 
encapsulated in the two repositories of knowledge discussed, and between the knowledge held by 
practitioners and that which is documented. Firstly, there is a possibility that the knowledge of the 
domain may have changed in the intervening years between the publication of Parr and Horan’s (1994) 
guidelines and the EC’s (1998) guidelines. The interviews carried out in Kingston in 1999, as well as 
reflecting the change which has occurred over that time, also reflect the way in which such guidelines 
are interpreted and applied in Jamaica. As such, there are differences according to the geographic, 
social and temporal context in which frameworks are applied.
The point here is that the knowledge of specialist domains such as this one is dynamic, and ever 
changing according to where, why and when it is being applied; once written down this point seems 
obvious, though it is not clearly conveyed within the extant knowledge of the domain. The 
knowledge elicited also confirms our earlier assertion that that the knowledge of broad domains such as 
this one is distributed amongst the stakeholders. It is our opinion that methodologies for the acquisition 
of knowledge from these stakeholders, with a view to its wider dissemination, will be of use. The 
results we described in Chapter Three indicate that these methods may eventually be automated. That 
this automation might eventually extend to the analysis and dissemination of knowledge so as to bring 
about more sustainable plans and policies is another possibility.
4.4 Information, education and communication principles and the role of ICT
The need for means to manage the knowledge of specialist domains is one which is increasingly being 
recognised. Perhaps the most important difference between the framework documents produced by 
Parr and Horan (1994) and the EC (1998), up until now not discussed, is the fact that the EC include a 
sixth set of guiding principles in their framework, classed as information, education and 
communication principles. These principles are:
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• A sound information and knowledge base is needed for effective actions within all water related 
activities
• Communication and awareness building are essential ingredients in all forms of water resources 
management
• Education is a vital component of water related schemes if health and life enhancement benefits 
are to be achieved and sustained
The first and second of these principles are very important for our work. The EC describe how 
‘government authorities and agencies involved in water related activity need proper information in 
order to fiinction effectively. This information includes data on technologies, strategies, approaches, 
alternative organisational models and management information of all kinds’ (see EC, 1998:51) and that 
‘the new thinking surrounding water resources management and the delivery of services requires 
extensive awareness building among political leaders, decision makers regarding water, professionals 
and academics, donors and NGO’s’ (see EC, 1998:52). At the identification stage the key questions 
concern the quality of the water resource database and the dissemination of information to 
stakeholders, while at the formulation stage they concern data collection systems and mechanisms for 
communication between stakeholders. Databases, information and knowledge bases are seen as vital 
components of the decision making process.
The most recent of the guidelines published in the domain are those of Tayler, Colin and Parkinson 
(2000). Here, the need for information to be the basis of all decision making and for knowledge to be 
shared and disseminated is stressed. The authors address decision making at three different levels; 
first, they provide a guide to policy development and programme planning; second, a guide to 
sanitation planning at the municipal level; and third, a guide to sanitation planning at the local level. 
At all of these levels, information is key.
At the top level, they state that ‘policies should start from a sound understanding of the existing 
situation, based on accurate and relevant information. They should reflect the ideas, concerns and 
experience of all stakeholders and not just a small group at the centre’ (see Tayler, Colin and 
Parkinson, 2000:3-4). In their framework for the development of policy, the authors suggest that the 
key questions that need to be answered are: where are we now? where do we want to go? and how do 
we get from here to there? (see Figure 4.1)
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WHERE ARE 
WE NOW?
WHERE DO 
WE WANT TO 
GO?
r
HOW DO WE 
GET FROM , 
HERE TO 
THERE?
Lessons from 
local/municipal 
initiatives
Check against 
strategic objectives 
and principles
Information collection 
and assessment
Develop programmes 
to support policy
Determine policy 
objectives
Amend legislation 
and procedures as 
required
Introduce new 
incentives as required
Figure 4.1 The process of policy and programme development 
(from Tayler, Colin and Parkinson, 2000)
For them, the first of these questions is about existing sanitation provision, institutional responsibilities 
and structures, activities, projects and programmes, the framework for sanitation policy, available 
resources and the support provided by government. For each factor, it is necessary to decide what 
information is required, where information can be obtained, who should be responsible for compiling 
and analysing the information and how information can be transferred to the appropriate government 
departments.
At the municipal level, the authors state that ‘the first step in developing solutions is to improve the 
information base and to obtain more detailed information on specific problems identified’. In response, 
tools for gathering, analysing and sharing information are provided. These are to help decision makers 
understand i) why information is important ii) what broad categories of information are required iii) the 
key requirements of any usable information systems and iv) ways in which different types of 
information can be combined and the need to record and present information in an effective way (see 
Tayler, Colin and Parkinson, 2000:C4-3).
The information systems discussed by the authors are not computer based. However, the problems 
which the tools presented seek to address are those which the developers of computer based 
information systems and in particular DSS have been trying to solve. At the policy level, decision 
makers are said to ‘need information that allows them to see the overall picture’ and at the municipal 
level ‘need sufficient information to be able to compare what’s happening in different areas and to link 
proposed actions in different areas into a co-ordinated whole.’ At the local level, ‘community members 
and those working with them [...] have limited time and energy available to engage in complex
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information collection and analysis’. Decision makers are said to require many different types of 
information (see Tayler, Colin and Parkinson, 20(X):C4-5).
• qualitative information will provide a feel for problems and people’s perceptions of them
• spatial information will show where services are in relation to where people need them
• quantitative information (e.g. of sanitation coverage) will help to prioritise decisions
• definitive (or factual) information will help to choose between sanitation options
Some attention is paid to how experience might be shared, and the authors state that networks of people 
and organisations with similar interests can help to share experience, and provide much more 
information than would otherwise be available. Again, these issues of information sharing and 
networking have been addressed by the ICT community. It would seem appropriate for DSS and ICT 
to be used to address these problems, as they have been in other domains. The ‘Streams of 
Knowledge’ initiative (see http://www.irc.nl/stream/) launched at the Second World Water Forum in 
the Hague in March 2000, and devoted to ‘knowledge sharing and the role of resource centres in water 
and environmental sanitation in developing countries’. The goals of the initiative are to i) organise 
steams of knowledge ii) to achieve equitable access to information iii) to focus knowledge where it can 
help to build capacity, and iv) to promote action learning, hereby people benefit from their own 
experiences, and it is stated that, ‘people need access to a collective information and knowledge base 
that can help them to find the best way forward and prevent them from making the same mistakes that 
others have made’. One key mandate is ‘the capitalisation of experiences and lessons learnt 
(systematically summarising, appraising and validating the gained experiences and the accumulated 
knowledge) elaborating sustainable concepts and practicable solutions in view of further 
dissemination’. Despite being initiated with an electronic conference..and now sustained by an 
electronic discussion group (see http://www.mailbase.ac.uk/lists/stream/fpays less attention than might 
be expected to the potential of electronic networks and in particularSlie Internet for the sharing and 
dissemination of knowledge, concentrating instead upon resource centres.
Elsewhere, it is stated that resource centres are expected to be a ‘knowledge base’. The use of the 
language of the ICT community is no coincidence. In offering a practical definition of a knowledge 
base as background to the conference, Bastemeyer (2000) indicates that a knowledge base is more than 
simply maintaining a database and documentation unit, though documenting, disseminating and 
repackaging information ‘seems more like it’. It is about research to develop new knowledge, about 
the production of papers, manuals and guidelines, and about carrying out advisory and training 
components. And it is about working on selected subject areas. A note of caution warns that manuals, 
papers and guidelines are sometimes useful, but that new knowledge is not easily used in the specific 
contexts of countries and regions. In addition, that working on selected subject areas can sometimes 
consolidate the knowledge base but doing so may result in slow reaction to new demands, new needs 
and new developments. The need for these knowledge bases to be dynamic, to take on board new
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concerns and to take account of how knowledge is interpreted in different regions and contexts is clear, 
and agrees with our findings.
The potential of ICT appears to have been overlooked beeause it is perceived to be the preserve of the 
industrialised world, and because the proponents of the initiative are rightly aware of the potential for 
people to be excluded from ICT. We are of the opinion that the potential benefits of ICT are so great 
(and our evidence from the domain of UWM provides an example of the benefits for environmental 
management) that they should not be overlooked without good reason. Mansell and Wehn (1998), 
reporting on the work of the UN’s Commission on Science and Technology for Development 
(UNCSTD), support this view and for us, ‘Knowledge Societies’ is a key reference. The collected 
evidence indicates that the increasing spread of ICT opens up new opportunities for developing 
countries to harness these technologies and services to serve their development goals (see Mansell and 
Wehn, 1998:6).
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5 Conclusions: Knowledge management and environmental management
The effects of urban growth upon the natural environment and the relationships between environmental 
quality and public health were alluded to at the beginning of this document, and the need for methods, 
tools and techniques to support those involved in the management of the aquatic environment was 
stressed. Those in the field of DSS and hydroinformatics have tried to deal with the types of complex, 
open, unstructured problems faced by those in the management of the aquatic environment, typically 
building DSS by integrating information systems, including simulation models, decision analysis 
models, databases and CIS.
A review of developments in DSS applied to the management of the aquatic environment reveals an 
increasing need for the management of knowledge. In the first place, to encapsulate the knowledge 
held by experienced users of DSS so as to assist less experienced users in synthesising the inputs and 
outputs to and from these DSS. Second, to share that knowledge used by experienced planners, policy 
makers and other stakeholders to select and interpret data, information, knowledge and experience of 
relevance, frequently drawn from the knowledge of several different interacting disciplines. Third, to 
represent the knowledge of all stakeholders and to bring their interests to the fore in the decision 
making process. Significantly, with reference to the last point, though debate as to how sustainable 
development is best pursued continues, there is at least consensus that the inclusion of all stakeholders 
in decision making processes will make an important contribution.
5.1 From knowledge based systems to knowledge management
Work on the explicit management of knowledge in the DSS which have been applied to the 
management of the aquatic environment began with the development of conventional KBS to provide 
support in relatively small, closed-world aspects of the decision making process. Intelligent front-ends 
to simulation models were fairly common. KBS have since been applied to more open problems such 
as the issuing of abstraction licenses and long term water resources planning.
Our work has followed a similar pattern, in that when the project began it was envisaged that a 
conventional KBS would be developed to deal with uncertainty in the design and rehabilitation of 
sewerage networks. Early progress reports detailing investigations into the use of fuzzy logic, expert 
system shells and probabilistic modelling are testament to this (see Appendix C4). However, the need 
to look at the relationship between clean technology and the management of the aquatic environment 
(as a requirement of the EngD programme) led to a change in thinking. Though the management of 
wastewater from urban areas does not immediately appear to lend itself to the application of clean 
technology (usually associated with manufacturing industries) it is in fact reliant on the constant 
operation of infrastructure which is consumptive of energy and materials, and which directly affects the 
quality of receiving waters. As such, UWM is a clean technology issue. It became apparent that
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though efficiencies could be introduced at the operational level, that is, to individual wastewater 
treatment processes, greater progress would perhaps be made towards sustainable UWM were 
efficiencies introduced at the planning stage. To reduce, for example, the distances over which 
wastewater was transported or the quantities of wastewater flushed away. For us, then, clean 
technology and sustainable UWM are about the decentralisation of the necessary infrastructure and the 
re-use and recycling of different waste streams (see Appendix Cl). Changes of this kind are only 
likely to come about at the level of planning and policy making, whether at a national, regional or 
municipal level.
The outcome of this change in thinking was a realisation that the knowledge of the domain of interest, 
rather than being confined to a relatively small closed world problem to which a conventional KBS 
might be applied (having been built up on the basis of consensus between a few experts) is very large 
and complex, is contributed to by many interacting disciplines, and is the subject of much debate 
between a large number of actors, each with their own set of interests. Consensus in the domain, by 
contrast, is often very difficult to achieve. It became apparent that a broader approach to the 
acquisition, representation and dissemination of knowledge would be more appropriate in such a 
domain, and our subsequent work focused upon knowledge management. As the feasibility of a 
generally applicable knowledge base for UWM disappeared, the need for a generally applicable 
method for the management of socially, geographically and temporally situated knowledge in such 
broad domains became clear.
5.2 Specialist language and specialist knowledge
The inextricable link between knowledge and language is of significance for knowledge management. 
A simple illustration of how changes in knowledge are reflected by changes in language has been 
presented. It is suggested that by studying the language of a domain and identifying significant 
differences -  either between the language of that specialism and general everyday language (that is, 
synchronically) or between the language of the specialism at different points in time (diachronically) -  
it is possible to identify in the first instance, knowledge specific to that domain and in the second, 
changes in the knowledge of that domain.
From our study of the archives of the library of the ICE, it is apparent that the concept of sustainability 
has become more important during the last decade. It is quite possible that by studying texts in which 
the concept of sustainability is prominent, one may acquire knowledge of concepts and (clean) 
technologies which may be employed in pursuit of sustainability. For these reasons, the role of 
language in knowledge management is worth exploring. Notably, studies in corpus and computational 
linguistics have revealed that the language used by specialists in scientific and technical domains 
exhibits more restricted sentence patterns and less ambiguously defined vocabulary then does the 
language of everyday use. Repeated patterns can be found at a number of linguistic levels (lexical.
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morphological, syntactic and semantic) and these can be considered to give structure to these languages 
for special purposes (LSP).
The existence of structure in language is important for those in knowledge management because where 
this structure exists and is used to encode knowledge, it can be operated upon and analysed by 
computer programs. Currently, documents are routinely located and accessed on the basis of 
orthographic structure: that given to documents by the conventional mark-up of a writing system 
including commas, full stops, capitalisation and white space. The developments described indicate that 
documents will soon be analysed and eventually routed on the basis of linguistic structure: at the 
lexical level, where neologisms, compound terms and repetitions are used to identify important objects, 
events and concepts; at the syntactic level, where plurals and collocations with them can reveal classes 
of object and event; and at the semantic level, where diagnostic frames can be seen to encode semantic 
relations including hyponymy, antonymy and heuristics.
The automatic analysis and routing of texts is presently only a possibility, but the fact that these 
structures can be found in specialist texts and can begin to be exploited to assist this analysis is enough 
to suggest that they will facilitate knowledge management in the future. The advantage of the theory 
behind these methods of analysis is its simplicity. The sole premise is that judgements about language 
correlate well with frequeney measures.
The analysis we have carried out on our corpora of texts from the domain of UWM shows that there are 
structures present at the lexical, morphological, syntactic and semantic levels similar to those found in 
the texts of other specialist scientific and technical domains. The need for a generally applicable 
method for knowledge management in broad domains such as those concerned with planning of 
systems of infrastructure for the management of the aquatic environment has been made clear. The fact 
that the language used in these domains exhibits structure which can be exploited in knowledge 
management is therefore important to note. Again, the fact that the meaning bearing contents can be 
identified and marked-up to create knowledge rich documents represents a beginning, and shows that 
automated knowledge management is a possibility. As cities continue to grow and the problems faced 
by managers of the aquatic environment become increasingly complex, draw upon the knowledge of 
more disparate disciplines and effect more and more stakeholders of different types and with different 
points of view, so the need for this knowledge management methodology to be automated grows.
Our research has shown that framework documents are interpreted differently according to where, 
when and by whom they are applied. This is indicative of the fact that the knowledge of such broad 
domains, whether to do with interpreting frameworks or some other aspect of the domain, is 
geographically, temporally and socially situated. The need to deal with this kind of knowledge and to 
bring it together in support of the planning or policy making process represents a challenge to the 
knowledge engineering community.
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For now, our prototype DSS shows that the collection of verbal reports from stakeholders across a 
single city and their comparison both with general language and with the documented knowledge of the 
domain can reveal emergent knowledge held by these stakeholders. Though this comparison has been 
carried out on a manual basis for the purpose of analysing our case study in Kingston, the emergent 
knowledge acquired is of sufficient value to indicate that the pursuit of strategies to automate the 
process will be worthwhile. We have simply collected our verbal reports together according to the five 
criteria proposed in the framework documents discussed. However, further research is necessary to 
explore how the knowledge held by different stakeholders might best be brought together and differing 
interests resolved. The key area of research, as more and more stakeholders become involved in 
environmental management, may be how to deal with conflict and how best to achieve consensus. 
Might debate take place through the same DSS? For now, a methodology to bring the interests of 
different stakeholders to the fore is of value.
The method we have presented is labour intensive, requiring a knowledge engineer to conduct 
interviews and to record and transcribe them manually to produce verbal reports which can be 
analysed. However, the proliferation of electronic discussion groups and even developments in speech 
recognition software suggest that the knowledge of domain practitioners will in future be more readily 
available in text form.
5.3 Emergent knowledge and verbal reports
Through analysing the verbal reports gathered during our case study in Kingston, emergent knowledge 
has been gathered. That is, knowledge which is complementary or contradictory to those frameworks 
we have considered to be representative of the extant knowledge of the domain and which can be used 
to interpret that knowledge. This emergent knowledge, organised according to the five criteria 
identified by both Parr and Horan (1994) and the EC (1998) is summarised briefly below.
One of the most important economic factors to consider which came to light following our analysis is 
the need to consider the cost and availability of energy supplies and their effect upon the sustainability 
of different types of UWM infrastructure. On a similar note, a number of the interviewees suggested 
that it was important to explore the potential for less energy intensive systems of infrastructure and for 
the re-use and recycling of different waste streams. The key point here is that stakeholders are 
concerned with the relationships between environmental impact, energy consumption and the level of 
service provided -  the main actors in the definition of clean technology given earlier -  but that they 
lack a framework within which to situate these ideas and to make meaningful comparison between 
environmental impacts. The concept of clean technology has yet to be so widely accepted.
Important technological factors discussed by the stakeholders interviewed included the impact of 
stormwater on systems for UWM, and the effect of wastewater discharged in an uncontrolled fashion to
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groundwater resources. The latter, of course, was dependant on the prevalence of on-site sanitation and 
the types of on-site technologies employed. The informal housing sector proved to be more important 
in Jamaica than was acknowledged by either Parr and Horan (1994) or the EC (1998). Our verbal 
reports stressed the importance of informal settlements in terms of their impaet upon both the aquatic 
environment and public health. An holistic approach to the planning of measures to improve both was 
held to be appropriate; the environmental impact of the effluent from treatment works ought to be 
compared with that from absorption pits discharging to aquifers, for example; the risk to health from 
water supplies with that from prepared food. That ‘holistic, life cycle thinking’ was thought to be 
necessary by planners and policy makers was a key finding of this research, yet the need for the clean 
technology concept to be more widely disseminated so as to provide a framework in which to situate 
this thinking was again apparent. It was suggested that existing procedures for EIA might be studied 
and amended where necessary.
As well as national procedures for EIA, discussion of institutional factors led to a wealth of emergent 
knowledge regarding the impact of policies (including those for EIA) imposed by international funding 
agencies such as the World Bank, DFID and the EC. Of particular note, and unsurprisingly omitted 
from the framework documents studied, was the negative impact of different policies being imposed by 
different agencies and the associated problems relating to the incompatibility of different technologies. 
The need for better sharing of knowledge between these agencies was clear.
5.4 Information and knowledge sharing
Analysis of our verbal reports made clear the need for information and knowledge to be shared more 
effectively, whether between funding agencies, stakeholder organisations or individual planners and 
policy makers. The point has also been stressed in the extant knowledge of the domain. The EC 
(1998) have set out their own ‘information, education and coimnunication principles’, stating that ‘a 
sound information and knowledge base is needed for effective actions within all water related 
activities’. Tayler, Colin and Parkinson (2000) have stressed throughout their guidelines for planning 
municipal sanitation the need for information to be the basis of all decision making and for knowledge 
to be shared and disseminated. Perhaps the clearest indicator to date that the importance of information 
and knowledge management is receiving recognition in the domain was the international conference 
held during March and April 2000 on knowledge sharing and the role of resource centres in water 
supply and environmental sanitation (see Bastemeyer, 2000).
In presenting a model for the process of policy and programme development, Tayler, Colin and 
Parkinson (2000) state the importance of information collection and assessment including lessons from 
local and municipal initiatives and of the need to check this information against strategic objectives and 
principles (see Figure 4.1). We have described how these processes might be partially automated. 
Though automation is not contemplated by the authors in question, we believe that a method to
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facilitate these activities, given that they are recommended for all municipal planning and policy 
making, will be of use.
There are suggestions that computer based DSS are not applicable to developing countries. Perhaps 
because they are sensitive to the potential for certain groups to be excluded by ICT, and despite using 
terms like decision support, information system and knowledge base, most commentators do not refer 
to ICT in those contexts. The UN’s Commission on Science and Technology for Development, in what 
for us is a key reference, ‘Knowledge societies: Information technology for sustainable development’, 
emphasise the point that developing countries can harness (and are harnessing) the power of ICT to 
achieve sustainable development, and present numerous examples to support their case (see Mansell 
and Wehn, 1998). Though their focus is on ICT’s role in leveraging open governance, education and 
free trade, by showing how a European policy document can be made available to all across the 
Internet, and how knowledge held by stakeholders can be managed alongside it, we believe we have 
provided one example of how open governance might support the more sustainable management of the 
aquatic environment.
In short, our contribution is a method to facilitate the process of planning, with potential applications in 
urban environmental management. It deals with taking diffuse, unstructured knowledge, with the 
analysis of this knowledge and with the identification and extraction that which is relevant, and then 
with the reformatting and dissemination of that knowledge. This method can be considered to 
contribute to knowledge management. If through its dissemination to the users of DSS (the planners, 
policy makers and other stakeholders) this knowledge is in some way validated and then interpreted 
and applied again, then it may contribute to the process of knowledge creation, founded on a cycle of 
externalization, socialization, combination and internalization.
We have attempted to make clear the importance of these processes throughout the history of the 
domain of UWM. In turn, their importance for the widespread acceptance of the concept of sustainable 
development and for the development and implementation of clean technologies by planners and policy 
makers both now and in the future has been emphasised. That the method presented for knowledge 
management may assist these processes -  especially across organisational and geographical boundaries 
-  is a possibility. This method, therefore, constitutes a novel method of improving the environmental 
performance of systems for providing services thereby contributing to more sustainable development.
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Appendix Al: Transcript of interview with Professor Roland Price and Dr Richard Kellagher
Interviewees: Professor Roland Price, IHE Delft
Dr Richard Kellagher, HR Wallingford
Interviewers: Leon Miles
Professor Khurshid Ahmad, University of Surrey
Date: February 2"^  1999
Location: De Mornay Room, HR Wallingford
[The session was recorded on video, and the counter readings throughout the text refer to the time 
elapsed on the accompanying cassette.]
0:00 LM: To begin, I would like to thank you both for coming along this morning. I know you are both 
very busy and I appreciate your setting some time aside to help me with my research. Nick Odd sends 
his apologies. I will briefly try to explain now what I am hoping to gain from this meeting, then I will 
set out the format, though I hope you have already been able to look at the agenda I sent to you both 
20 late last week. As I have written, I would like to go through the questions set out here, directing them
primarily at Roland, but I would welcome input from Richard, and indeed, if you could request 
clarification of any points or explanation of any terms which Roland uses then that would be great. 
What I am interested in essentially, is the role of undocumented knowledge in wastewater management, 
whether it be the planning of new or improved infrastructure or the analysis of existing sewage 
25 treatment and its performance. We are attempting to follow a methodology developed previously by
Khurshid for the acquisition and subsequent representation of this knowledge. In this methodology a 
domain expert, Roland, is interviewed by a domain interface group. In this case Richard and to a 
certain extent myself. As you will have noticed, we are filming the interview with the intention of 
transcribing what is discussed for subsequent analysis. As this is my first attempt, I am interested 
30 primarily in picking up concepts and terms which the experts in urban drainage/pollution use,
important sources of information, tools and so on. As such, discussion of the questions posed amongst 
the group of us will be most fruitful. To begin with, and to provide a focal point, Richard has agreed to 
describe a scheme under consideration in the Portsmouth and Havant region by Southern Water. What 
I am hoping this will do is enable us to focus our discussion when we wish to talk specifically about a 
35 certain aspect of wastewater management. This obviously will not be possible in all cases, since
Roland is unfamiliar with the scheme, but I am hoping the case study will prove helpful. So, if I could 
hand over to Richard.
0:02 RK: Right, the Portsmouth and Havant job was to do an audit for the Environment Agency of 
40 Southern Water's work, and they were required to achieve certain standards for a number of activities.
Most of these were to do with the sewage area, which I had to, therefore, audit, and one was related to 
the outfall discharges, so the protection of the beaches from effluent, bathing beaches and so on, and 
Jackie (Maskell) was responsible for that. My understanding was that it was not entirely clear or 
satisfactory in the first instance, but when it was redone for them they accepted it. But it seemed to me 
45 there were certain probabilities related to tides and winds and so on that (unclear). With regard to
Portsmouth and Havant's sewerage, there were basically two areas. One is the Portsmouth area, which 
drains the majority of Portsmouth. It has got a separate model. It has got a separate sewerage system, 
and it has deep collector sewers. It all centres on this major pumping station, which has lots of rules 
about when you get above a certain flow and when you get something else it switches on. There are 
50 some very large storm tanks here (points to map) which are involved in the process. The normal flow
will be pumped to a place called Budds Farm, which is just on the mainland, I think. Apart from 
Portsmouth there is another area called Havant, which is just up here (indicates area beyond map) and 
which is an equally large area but more suburban. That drains also to Budds Farm. So here we have 
two points of collection really. The Budds Farm area which has a treatment process and there are some 
55 storm overflows..
0:06 RP: Could you point out where Budds Farm is?
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0:06 RK: (searches through maps, finds Budds Farm) Anyway, basically, the flows all converge at this 
60 point here, at Budds Farm.
0:07 RP: So it drains this way? (indicates South to North)
0:07 RK: It drains this way (indicates opposite direction) and from Portsmouth it is pumped to Budds
85
0:07 RP: And from Budds Farm where does it go?
0:07 RK: From Budds Farm it has..it pumps back, (finds Hydroworks schematic) Maybe this was not 
70 the best option to choose because it is rather complicated. Budds Farm has a treatment works here. 
This is just an RTC system declaring how Eastney works, and how it ties into the treatment works. 
There is an outfall, an overflow here from the inlet works which is a function of the consenting process. 
They want to know how frequently that spills. There is also a spill to Langstone Creek which is a 
result of these inflows. The rest of it, the treated effluent goes back down into the Eastney system and 
75 into the long sea outfall. At Eastney, there are also mega-sized tanks, and they also have a spill 
frequency. So here we have a bathing beaches criterion, three spills a season. At Langstone Harbour 
there was a criterion that there must not be spills for more tiian 5% of the year. There was no 
legislative basis for a consent, but the water companies declared a performance standard for the storm 
sewers...(unclear) The first thing I had to do in the audit was to establish whether the two models 
80 correctly represented the system's behaviour. The next thing was to establish whether they were 
verified. How far do you want me to go?
0:11 LM: Could you perhaps explain the reasons for the scheme being implemented? Was it 
predominantly to meet the EC Urban Wastewater Treatment Directive?
0:11 RK: Well, obviously the Urban Wastewater Treatment Directive and the Bathing Waters Directive 
and the..I am not sure if it is to meet the Shellfish Directive, but I do not know if there is a specific 
technical directive for the Langstone harbour problems of spill duration. I do not know that it is linked 
directly to legislation but it is..The implication is it is a sensitive area. I do not think it affects bathing 
90 beaches. And obviously, the British have signed up to this thing of treating outlets to secondary level, 
except in areas which can be excluded. And for some reason, it was politically a very important issue 
between Southern Water and the Environment Agency. They Environment Agency did not want me to 
say anything which..If there was any doubt that the water companies would not or could not apply for 
their consent then I was to be categorical about it but on the other hand, they did not want to delay the 
95 scheme. Southern Water and Environment Agency were both saying this was very important, and they
were both accusing the other of saying that they were bringing pressure to get it done. But the 
Environment Agency were also cautious about trying to get them to make sweeping changes. That was 
one of the problems with the offshore element. It was all dependent on probabilities and difficult to be 
categorical about.
100
0:14 RK: OK, so when it came to the audit, the first part was to look at the sewer systems. There are a 
whole range of aspects, really, which I divide into three main parts. One is the sewer asset data and the 
level of detail of the model and so on. The next is the area data, and third is the run-off model. What 
you do with them afterwards is then another issue, but the first point is to assess the asset and the area 
105 data and the run-off model. The problem with most water companies is that have done some of the
work in part, and that they want to re-use the work that they have done. But it is not often up to a high 
enough quality, because of improvements with time in the quality of data and so on. I think there were 
seven separate WALLRUS and WASSP models of one area, which then went into SPIDA and the into 
HydroWorks, and though there was some cross checking done, I believe there was a subsequent flow 
110 survey. Although there was verification of all the original models, when they stitched all the original
models together and did a subsequent check on the flows entering Eastney from the Portsmouth area. 
From a local survey on the SPIDA model, they transferred it to the Hydroworks model and found that 
there was a good deal of difference between tiie SPIDA and the Hydroworks models, so there is this 
evolution which takes place. And of course, back in the days of WALLRUS the hardware was much 
115 less competent and therefore you had to have much more simplified models. So, there was
automatically an implicit limitation within the software. It still means that if the models were built very 
well they should be well verified at the Hydroworks stage.
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0:16 RK: It is largely combined. The Portsmouth area is fully combined and the Havant area is 
120 partially separate. Therefore the area input for Portsmouth can be trusted that much better than the 
Havant data. The only way I am prepared to do this work is not to go back to the area take-off 
information but to look at the flow survey data to see whether the volumes of run-off are well 
represented by the model (unclear). On the premise that if the observed data predicts equal or greater 
volume than die model then the specifications are likely to be conservative. The next thing that has to 
125 be considered is not only whether the volumes are correct but whether the models have been built using
the correct approach...(unclear) There is a need to ensure that head loss and storage is represented. 
You then have to decide as an auditor, if you are missing certain pieces of information, how important 
they are with regard to keeping to the objectives of that study. In my view, as long as they are not 
extreme events, then the inaccuracies with regard to flooding and storage and so on are unlikely to be 
130 an issue. So, although there were inadequacies in the model in terms of the details of the model, there
was nothing specific in the model build that I was particularly concerned with. I know that Southern 
Water have various methodologies of approach which are quality assured, and which one can therefore 
trust. There were errors. The storage, the head-loss, the run-off model incorrectly..A rural area 
incorrectly called an SCS model which should not have been called. So there were holes in their 
135 methodology, in their model, but it was not excessive, they were obviously influenced by this degree of
uncertainty.
0:21 RK: With regard to findings, talking about the Cumberland tanks, they used the annual time series 
and they used the sampled version. I told them it was totally inappropriate because the WRc sample 
140 series might be representative of some catchments but was not representative of all catchments, and
because the four Cumberland tanks were so large, these are not actually represented by the WRc time 
series because of the way that they were originally processed. They did do some checks on some 
design storms, and they did seem to have cross-checked fairly well. I decided that they needed to run a 
more extreme event series and I told them that they would have to check, although the time series is cut 
145 up into several different storms, they would have to check that there were not antecedent storms within
the pumpdown duration of the tanks. They did this work, and the spill frequency still came within the 
three times a season limit, (unclear)
0:24 RK: When it came to their outfall to Langstone, they ran the other time series, and I believed that 
150 that was appropriate in this case. They again sampled the time series, which was incorrect, because if
you were to do it on the basis of time you need to know..The seventh storm might be a very long one 
but of low intensity, so therefore if it happens to rain there and you do not happen to pick the seventh 
storm in your sample, that time factor can be a very large lump if it is times seven, (unclear) In my 
view this consent requirement for 5% of the year is rather ridiculous because it appears to be quite 
155 onerous but if you think about it the number of times it rains in a year, 5% is actually quite a long time
in a year. If you bear in mind the bathing beaches criteria is something like 1.8% for coliforms being 
above a certain concentration, 5% appears to be very large and to me seems a pointless criteria.
0:26 RK: Lastly, there was this inflow to Budds Farm. Obviously, if you have an overflow which is 
160 close to this limit of three times per bathing season spill, it means that if you have got your diurnal
representation incorrect, then the spill frequency can be very severely affected. They had used 
estimated values because they had not completed their annual assessment of dry weather flow. We 
were given the dry weather data afterwards and it seemed to me their model was not sufficiently 
conservative, and they had used either 1 * DWF or 2.5 * DWF for looking at sensitivity, and it ranged 
165 from a ten year return period spill down to a six month return period spill. I thought the match on dry
weather flows was so poor that I could only confirm that I thought the 2.5*DWF was a reasonable 
likely representation taking into account infiltration of water, which they had not done.
0:27 RK: One of the problems with modelling, of course, is the degree of simphfication. Sometimes 
170 the simplification gives a fairly good representation of the system, and sometimes it makes a number of 
assumptions. And there still remains in my mind a degree of uncertainty with the original version. 
That the new version they are proposing just happens to fit better to their assumed model now, and 
therefore there was less uncertainty as to how the model behaved. And apart from the error in terms of 
they had not used the correct critical durations...it was not dramatically different, and therefore we 
175 came to agreement on all the consent issues, and I was able to tell the Environment Agency that all the
proposals had met their criteria.
0:28 LM: And the scheme is now set to go ahead?
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180 0:29 RK: As I understand it, yes.
0:29 KA: Could you just fill me in? You talked about 1% and 5%. Why was 5% too much?
0:29 RK: There are 120 rainfall events in a year, give or take a few. Most of those are with depths of 
185 rainfall of less than 5mm. Anything less than 2mm you do not get any run-off from. So assuming you 
have got maybe 100 events where you might get some run-off, and work out that a normal storm in 
England might be over a period of four hours, five hours, you end up with 500 hours of rainfall. Then 
if you work that out as a proportion of 365 times 24, 500 is nearly 360 so it is, say, one twenty fourth of 
the year. So one twenty fourth of the year is how much, say 6%, so you are very close to 5% accepting 
190 all rainfall to discharge to the harbour.
0:30 KA: That is the calculation. What does the legislation say, it should be 1%?
0:31 RK: No, the legislation on bathing beaches says that you have to sample at least twenty samples 
195 during the bathing season. It does not say..The interpretation is that you will therefore sample twenty
samples. But if you do a probability analysis based on these samples..There are two types of standards; 
the guideline and the imperative. The guideline allows you two failures at 1000 coliform/lOOml I 
think, where as the imperative allows you one failure (uncertain) One of them has two failures. I think 
the guideline has one failure which allows a thousand and the imperative..
200
0:32 KA: What is the difference between the guideline and the imperative?
0:32 RK: Well, one is less onerous than the other.
205 0:32 KA: But they are both in the legislation?
0:32 RK: They are both in the directive, yes. When you interpret what these samples mean..If you have 
to design a system to comply with bathing beaches you have to interpret what the probability is that if 
you had..If you decided that you had to comply with one spill, because you are only allowed one 
210 failure, therefore you should only have one spill in the season, the probability of sampling that one spill
is very low risk. The simple approach is that you have three spills a season, and the probability is still 
fairly low that you will fail. The 1.8% is I think a more detailed representation of probability of this 
sampling process and the risk of failure. If 1.8% of the time you have water of the concentration which 
will fail. If you look at the fact that there are 100 odd days in the bathing season. If you take a 
215 simpUstic approach and say that each day that it spilled was a failed day, and you have something hke
130, 140 days in the bathing season, and you have three days which fail you are down to 2% so there is 
some sort of tie in between the two. The 1.8% is usually used where there is an offshore model being 
used. In this case they had an offshore model being used, where as the more simple approach is usually 
applied where they say, "Well, if you only have three spills a season you are highly unlikely to fail the 
220 bathing beaches directive." The 5% is not linked to anything that I know of. It was just a claim that
was made, and the Environment Agency wanted that claim to be established. In actual fact the claim 
was nearer 1%.
225
235
0:35 RP: Did you actually run the model yourself?
0:37 RK: I did not run the model, no. One of the problems with audits is that they are as long as a
piece of string. These models are large and complex, and if one ran the models and looked at
everything, you would need 10-20 thousand pounds. This audit was won for, my element was won for 
£1200. In my view I have been asked to check the principle of the model. Is it likely to give you 
230 answers which can be trusted.
0:37 LM: Did you look into the modelling of the harbour at all?
0:37 RK: Jackie Maskell was responsible for the modelling of the harbour.
0:38 LM: Was that using HR models?
0:38 RK: No, again they were looking at the output results from the Southern Water model.
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240 0:38 RP: In view of the sizeable uncertainties at every stage of the process, do you still think that these
models should be used?
0:38 RK: There is an element of intuition that has to be applied based upon judgement, and the 
judgement is largely linked to the fact that the area data and the shape..The area has generated a volume 
245 of water and that the dry weather flow has been put in. This has got to tie up with the observed data, in
terms of the flow survey. So, if there is inaccurate or insufficient flow survey for the bits that are 
inadequate then you have lots of difficulty. It becomes so uncertain that you cannot accept it. I had an 
audit in the past where it was carried out in a fairly dry spring, and the catchment was known to have a 
high infiltration problem in Winter. The flow surveys were not telUng me enough information in the 
250 locations that were important, and eventually I had to say to the Environment Agency that I did not
think I had enough basis for being confident about their model, because the shapes of the hydrographs 
were wrong, the monitors were in the wrong location and really I had no basis for accepting what the 
model was telling me.
255 0:40 RP: So you are stating that without quality information you would not trust any model?
0:40 RK: I think that I have a basic principle. Yes, my basic philosophy is that I would not accept any 
model or any scheme without proof that the model upon which the scheme is based has been shown to 
be representative of the critical performance of the system. In other words, if you had to look at high 
260 frequency spills, say 15-20 spills per year, you would have to have a flow survey and it would have to
be a normal, short term flow survey. If you had to look at flooding solutions, you would have to have 
roof that historical flooding was represented by the model.
0:41 RK: I suppose the exception must come down to where you have fairly new schemes or small 
265 schemes like a suburban area where the Environment Agency says in hindsight, " You should have put
storage in here, I do not like you discharging to the river." If there is no indication that you are trying 
to solve a system problem, but you are trying to prevent an outfall then there is no need to have the 
behaviour of the system proved in any way. But that is where you would have to have a very high 
degree of certainty about the area, about the asset data.
270
0:42 RP: So extending the application of the model to schemes which may radically affect the 
system/the direction of the flow...
0:43 RK: Yes, I can not imagine, when you say radically if you..What you are saying is, if you..Are 
275 you implying that if you have a very radical scheme that although the model is adequate for its current 
state in terms of performance..? Yes, I see what you mean. There is a degree of uncertainty as to how 
well that scheme will perform under different design criteria. I think that you would have to decide 
that entirely upon the scheme you were considering and how complex it was. I can not imagine many 
cases being so affected because unless the hydraulics or the volumetric aspects were going to be 
280 dramatically affected, I can not think of many situations where you would not have a fair degree of 
certainty about it.
0:44 LM: Do you have any idea of how Southern Water came to decide upon the nature this particular 
scheme, because from what I understand the wastewater from Portsmouth is pumped back to the 
285 treatment works uphill through a tunnel which is to be constructed beneath the harbour. Another 
option might have been to construct a second treatment works for the Portsmouth area. Have you any 
ideas why it was decided to do that?
0:44 RK: Well, obviously I was not party to any of that sort of thinking, but in recent years there has 
290 been a trend towards rationalisation of sewage treatment works, because being privatised companies 
now, the minimum cost appears to be to centralise. So works are being closed down all over the place, 
they are opting for more hi-tech works where they have two or three staff, if at all. So, there is a degree 
of cost saving to be achieved. I would imagine, also, in the case of Portsmouth, it is a very developed 
piece of land. Trying to find a sewage treatment works site is an issue throughout the world, and I 
295 imagine that was an issue. Budds Farm probably had the space, it was already established and so on.
Coffee Break.
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300 0:44 RP: He has gone for the chocolate.
RK: I have thought of a scenario where a radical solution might or might not be trusted. If, for 
instance, you were trying to trap a certain segment of flow, like some water quality spill, or to try and 
determine what the water quality was going to be out of the other end of the tank, so you had an 
305 overflow that was coming out of a tank rather than from, say, an upstream overflow, once the tank
filled then it spilt, you are introducing more and more uncertainty into it. Really not knowing how that 
systems going to perform, and there may be some equivalent hydraulic things, like if you are trying to 
trap peaks for instance, the shape of a storm is unique each time it rains, and therefore if you want to 
plot peaks of some kind then the volumetric aspect of flows above a certain flow rate might be more 
310 difficult to be sure about.
RP: Yes, I was just wondering how you as an engineer deal with uncertainty because traditionally 
engineers have tended to use models as though their description of the performance in terms of the 
duration, the volume are all fixed quantities and in fact although the model may be deterministic in the 
315 sense that it predicts these values, the uncertainty associated with those values has been very high.
0:46 RK: Well, there is uncertainty all the way through. I suppose as an engineer I have a tendency to 
be trusting in a method, but I mean there is uncertainty in the model which one first has to address; 
whether it has been built with all the correct inputs for tiie assets and the area. The next is whether the 
320 model is representative of what I call secondary data, the headlosses, the storage and so on, so that you
can extrapolate the use of the model. There is the appropriate use of the model. There is uncertainty 
about every rainfall event so I have a tendency not to go for what WRc have done with their, I have 
forgotten what is it called now...but they have now moved onto SIMPOL. The concept of extrapolating 
from some deterministic model which is calibrated against some simplified model seems to me to be 
325 losing information and therefore must be adding risk. I tend not to like sampling. I prefer to go for
taking a big swipe at something with a lot of real data rather than a lot of generated data. I believe that 
using STORMPAC with SIMPOL for 600 runs, which uses a lot of data, is not using real data, you are 
having to make all sorts of assumptions about river flows as well as your sewer system so I think there 
is a need to use what information you have, in other words if you only understand a river to a certain 
330 level, it is better to take a fairly conservative view of the river state, rather than to take an assumed
standard deviation on flowrates, water quality parameters and then to wind the handle with Monte 
Carlo a thousand times, because your basic assumptions underneath the Monte Carlo may be absolute 
rubbish.
335 And the other thing, of course, is that in the UPM criteria you have this thing about frequency, annual
frequency of failure. Now, of course, rivers tend to be a problem in June, July and August or July, 
August and September, so you might as well throw away nine months of the data, and you want 
concentrate on some aspects. Rainfall is very unique in summer, drought periods are very unique in 
summer. So, I prefer to go for as much certainty, recognising the uncertainties, as much as I can, in my 
340 limited understanding of the problem. I go for real data, as much as I can, rather than stochastic data. I
run more storms than less storms. I stick with deterministic models ...For instance, the Dublin 
Corporation are building a very complex model and it is right down the bottom end of their system, 
part of the Dublin city, and we are actually going to build a model effectively of the whole of Dublin, 
because the tools allow us to prune it dramatically, rather than try to build a local model and have some 
345 degree of uncertainty on the edges.
0:50 And of course, finally then, you come to your solution technique. The degree of extrapolation of 
the model is linked to the complexity of the system and the complexity of the solution as to how certain 
you can be about anything. I do not approach it from a risk and probability basis. I just use I suppose, 
350 a judgemental basis, where I try to minimise risk by using the best that I have got available. And there
may be a perceived safety factor, or an unstated safety factor, like, we know the Cumberland tanks 
spills at 2.7 times or 2.5 times, but on the basis of the time series that was run through it, and thé fact 
that to me Portsmouth seems to be very badly verified on depth but adequately or conservatively
verified on volume, that volume was the key issue, and therefore I was fairly confident that an eight
355 year series would give me a spill frequency that was adequate.
0:51 RP: When you run your time series for an eight day period or twelve day period, you are still 
being selective on storms, presumably. You are not running continuous records. So are you really able
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to guarantee that if you have several storms close together within the drawdown period of any pumping 
360 station...?
0:52 RK: Yes, that is quite true. For instance, with this one, I told them that because the drawdown 
period was so large, they had to run the whole series, they had to check and see which storms were 
related, in terms of a time period of 24, 36 hours. On the Isle of Wight I have done a series of four 
365 towns which were all on the north coast, and therefore although they probably suffer from the same 
storms at the same time, same time means probably the same day, but not actually the same time. On 
that basis, I suggested that they needed to do an analysis to find out the variability between storms and 
between towns and whether or not you could assume it was the same storm, and the answer was 
definitely it was not. We processed the model on the basis that we had a time of, real time, and though 
370 we came out with overflows which were related to a set of storms, I actually then produced a
programme which put the whole set of overflows into individual storms. In other words, if storm one 
comes along at midnight, moved and started at midday down the line, but a second storm came through 
at midnight the following night, because the storage tanks are so large, then of course it is a continuous 
storm as far as the north coast of the Isle of Wight is concerned. So I then aggregated that, I looked at 
375 all my storm data, and where there was an overlap while something was still spilling or coming to the
end of its ... then if it overlapped within a six hour period then it had to be included as the same storm. 
So, I ran a multi-time series recently and had to come out with these storms. So, they were aggregated 
together and treated as one storm.
380 0:54 RK: Unfortunately, when they were at issue, the receiving water model ignored everything in
terms of its date of event and so on, but the principle was there, and you had to make sure you were 
talking about what was related, what was dependant.
0:55 RP: What about the operation of the pump stations? Because it is very diffcult for a deterministic 
385 model to actually replicate with any degree of realism the frequency of operation of the pumps.
RK: You mean in terms of the exact nature of the switch on and switch off or the general representation 
of the pumping station?
390 RP: The exact nature of the switch on and switch off. Or is that not a problem because you have got 
the bulk volume throughput?
0:56 RK: The main uncertainty in my mind about the pumping station is representing the actual 
pumping capacity. In most cases, a fixed discharge is a fairly accurate representation but I think there 
395 is greater uncertainty with the knowledge base of the asset. In other words, what it actually is
pumping. In drawdown tests, often the wet weather is not large enough to look at storm pumping 
events. At very large pumping stations it is incredibly difficult because some of the storage is in the 
sewer, and then you have inertia and momentum effects, which you try and compensate for as well. 
You can actually use a model to assist you in this drawdown testing, because the model will actually 
400 give you these inertia and momentum type of fiow aspect as well. But I think there is more uncertainty 
with regard to the actual pump performance than in terms of how you actually represent it.
0:57 RP: Going back to the representation of the actual sewer system, you are arguing that through the 
increased capacity of the computing facilities these days, you are able to include more of the network 
405 as it has been surveyed, rather than simplify, and therefore highly advise that to avoid any errors that
might creep in because of simplification it is best to deal with all the data that is available.
0:58 RK: Yes, that is a fundamental belief of mine. If I could model back to the gulley pots and it was 
on the asset database so could it be loaded instantaneously I would stick it all in, and basically, the 
410 more detail the better, without the cost implications and all the other issues you have to juggle with; 
output file sizes, input file sizes and those sorts of things. They all come into the equation of how you 
actually schedule things but I agree in principle.
RP: So the philosophy is the more detail the better. But, how do you then cope with the argument that 
415 says that you still have sizeable uncertainty in the nature of the surface run-off, for example, the
distribution of the rainfall, and so on, and these far outweigh errors in replication of the sewer network 
or the additional storage even.
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0:59 RK: The run-off behaviour in the urban environment, I think is fairly easy to duplicate, in as much 
420 as paved run-off, give or take few percent, is usually the same. Except, of course, when you have
unusual conditions. When you have very extreme events, then it all behaves totally differently and you 
do not really know how it is done unless you have got...Each time it will probably be very different, it 
is so local. Some intense storm may be very intense, half an hour, summer ones are very spatially 
affected and they are therefore unique, so there are certain aspects of our replication that will be very 
425 difficult from a hydrological point of view, however, from a network point of view I see no harm in
trying to have it all in there. Because the model is not only used for the current concern, but it may 
also be of use in the future in some other way. And tha-efbre, the tendency in the past to build a model 
which is suited to the task in hand I think should now be changed so that the model is built for a general 
operations use as well as for design use, for that whole catchment, because you are wasting time in the 
430 future if you do not do that.
1:00 RK: An example was in Ride, where some of the minor sewers were left in which would have 
been pruned out a year or two previously, because of the size of the model, and it was still a large 
model for the time, in terms of run time and so on, but it drew attention to at least one spill location, 
435 one overflow, which was totally unknown by the client as well as us, and led us to understand why the
system was behaving as it was further down, which we would not have understood if we had not built 
the model in that sort of detail.
440
1:01 LM: Would you mind if we went on to discuss these more general questions?
RP: I do not know the answers!
KA: So tape it!
445 RP: (raises glass to camera) I do not know the answers to them.
KA: Forty years work and now he admits it finally!
1:02 LM: OK, the first more general question I have got, which is also written on the board, is, "Given 
450 the task of determining an appropriate solution to an urban drainage/pollution problem, how do you 
conceptualise an urban area?" AMiat are the important objects? Do you think in terms of population 
equivalents or of local industry, for example?
1:03 RP: I think this is going to have to be a joint effort, actually. As you are looking at a problem, as 
455 it states in the question, presumably the urban area already exists. So this is not a new area that is
being developed or generated. Presumably, already, there are services constructed to provide solutions 
to remove and treat wastewater and for the evacuation of excess rainfall. So what we are saying is, we 
are starting with an existing situation, which has already identified what the urban area is, in some 
sense. In that the network extends as far as what is perceived to be the urban area. Is that right?
460
1:04 KA: Yes, that is absolutely right. But I am just taking a point which Richard made a few minutes 
ago. Which was something to the effect that there were four towns on the coast. What population size 
were they?
465 RK: The largest one, from memory, was 33,000. That sort of thing. Or 25,000.
KA: And how big is Portsmouth? The area you described previously.
RK: Oh, bigger. About 100,000. The two of them together might be a quarter of a million. Maybe 
470 more.
KA: So population does not come into your conceptualisation, whether it is in situ or a greenfield site, 
population does not come into your conceptualisation of urban areas. Is that right? Numbers of 
people?
475
1:05 RP: No. I do not immediately think of population. I immediately think of what is being impacted 
by whatever might be the urban area. One direct comment on the UPM manual, urban pollution 
management methodologies is that they are very localised, or they seem to be very localised, where as
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increasingly, the trend today seems to be that you have to look at the whole impact of an urban area, 
480 and that becomes extremely complex when you start thinking of river basins because one upstream 
urban area will affect, will have consequences for a downstream urban area. And yet, in order to make 
problems tractable, you have to focus on a sub-system of the total system. And that is what we are 
doing anyway. So, I think there are still huge problems that we have not grappled with in terms of an 
integrated, holistic management.
485
490
520
1:06 RK: I am not sure that the problem can not be broken down a bit because I think that you can say 
that there is acute and what is the other term? Forms of impact? You have a continuous...
LM: Chronic?
RK: That is the word. Acute and chronic. And it seems to me that the urban impact is really an acute 
problem. You know, you are trying to solve for dissolved oxygen or ammonia or whatever, and they 
are event specific, and I know sewage treatment works are not event specific, but one can take an acute 
perspective of a river basin and therefore you can have a town or towns down river to look at the 
495 ammonia, oxygen cycles and so on, irrespective of some of the other aspects like nitrates, rural impacts 
or micropollutants and so on. You can still say, we know that bugs are affected by everything, but it 
does not prevent us from saying well let is deal with the acute aspects of dissolved oxygen and 
ammonia for fish, in which case you target specifically...Am I right? That is the way I would 
conceptualise it. So, if you had a town which was immediately downstream of another town, if it was a 
500 hundred miles, you would assume, or you might be able to say, or be able to prove that the river had
actually recovered to a certain state, and therefore you could assume a boundary condition at the 
upstream end of that town to be normally true, to be able to treat them as separate towns, and if they are 
ten miles apart then of course you could not treat them as separate towns, they are just one town, like 
the Isle of Wight. You have to think in terms of are they linked or not linked for the system you are 
505 concerned with.
1:08 RK: So, I think an urban area, to me, is where there is paved development, and I would not link it 
to the infrastructure or the pipe network. In India, you have lots of open channels, and although the 
infrastructure is different, I would still say that was an urban impact because you then have an impact 
510 into your irrigation channels and your rivers and so on, and in the same way, but with different sorts of 
problems, you still have that acute and chronic divide. I think that is the way I would treat it. I think 
the holistic thing, the river basin, is the both. Chronic things and acute things, and it is very complex. 
A lot of my European colleagues say that we are being far too simplistic with UPM, and obviously, if I 
try and be devil is advocate I will agree with them. But, I think in the past we have used a spill 
515 frequency for CSO is because that is the only way we have been able to grapple with the problem.
Now, I would suggest we have got tools to go much further, but we still have to work at the level at 
which we can work, and achieve some answers.
1:10 KA: So, an urban area is a paved area?
RK: That is the way I think of it.
KA: Sure. And infrastructure is secondary?
525 RK: Yes. In the developed world, in my view, the infrastructure is intimately linked with urbanisation. 
You think of one, you think of the other. But you must not make the mistake of saying that. .It can be 
very different in different parts of the world. So you are approach in Bangkok and DhaKA, where you 
have canals and very different concepts of picking up sewage and treating it, and pollution impact and 
so on. I would say that you have got to think differently in terms of approaching the problem. And 
530 what is an acceptable solution. Our criteria in terms of return periods compared to return periods in
say, India or the Mediterranean. And there is another aspect of risk. Storm damage here does not 
usually kill people. In terms of what I would say was an urban development. I am not talking in terms 
of a river basin. You have very short sharp storms in the Mediterranean which kill people. Because it 
just rushes down roads. That is an area we do not have to deal with here. So there are different urban 
535 drainage aspects with regard to different urban areas in different parts of the world.
1:08 LM: You mentioned that some of your European colleagues look down on the UPM procedure. Is 
there a standard alternative that they would opt for?
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540 1:09 RK: I would say I am less well qualified to answer that than you, Roland.
RP: There is no standard alternative. Each country has developed its own approach. The Dutch are 
quite interesting because they have very flat terrain, and consequently their pipes are likely to be under 
pressure more of the time than, say, in the UK, and therefore their whole approach to managing those 
545 systems is very much by pumping. For controlling water levels, not so much in terms of....It is a very
different drainage concept. You go to other countries and you get different approaches which have 
grown up, which are much dependent on cultural ideas about how to do things.
1:10 KA: Can we come back to question one, and try and see whether the concept of urban areas can be 
550 taken further? So this idea of a paved area, which you said, but when we go to Holland, where
everything is flat, we have to look at infi*astructure, there is just nothing. Also it is a small country. If 
you go to India, a much larger country, you may have infrastructure, but you have to use natural 
artefacts, like canals, river tributaries and so on. Also the concept of urbanisation is slightly different 
as you go from culture to culture and, I suspect, from geography to geography. What we are trying to 
555 find here is a kind of common conceptualisation. So, two keywords have come up: paved area,
infrastructure. And geography, you would say?
1:11 RP: Well, I still take issue with Richard on this. The way the question is phrased, we have got a 
specific problem. And the problems you are talking about are presumably problems of flooding, and 
560 presumably problems of pollution impact. In terms of pollution impact, we are usually talking about
streams through the urban area or adjacent to the urban area. Or we are talking about some type of 
receiving water, like a lake. And that is often the case, and then there are peculiar problems. Or some 
sort of coastal water which is daily flushed or regularly changing. What I am trying to get at is that in 
terms of the pollution impact, that comes from outfalls or overflows. And so it depends on what is 
565 generated in the run-off to those overflows and to those outfalls. So therefore you are talking about a
specific geogrphical catchment area. So I have to therefore think of it in terms of what is the delivery 
mechanism to those outlets. So, that is one thing. And that seems to define the area which is being 
drained.
1:13 RK: Yes. That is true.
570
RP: Then the area may include rural areas as well as sizeably paved areas. And from the other point of 
view, the flooding one. Flooding in Genoa can become a problem, as you say, in Genoa and the 
suburbs where they have intense rainfalls, whereby you have got thunderstorm activity which for 
various reasons is very difficult to predict or forecast in advance. Therefore we are using 
575 meteorological models to forecast the rainfall. Do not ask me about it, it is just horrendous. But the
lag time between peak rainfall and peak run-off was in the order of half an hour to an hour, and we 
have to produce warning systems to evacuate people from these urban areas. Actually the flooding in 
these areas is pretty major streams. People get Idlled. Cars get washed away. It is frightening. To 
generate flood warning systems for these things you have to have forecasts that enable you to tell when 
580 it is likely to occur so you can warn people to get everything upstairs or just to get out of the area,
preferably. But then, in order to generate flooding in a locality you are really talking about a 
catchment area. See, you might have defined an urban area in terms of we have got paved area here 
and industry here and so on, but the key criteria must be the catchment.
585 1:16 RP: So that catchment would, in the past, have had some natural drainage associated with it. But
we are not just talking about a catchment that has a natural drainage system, because increasingly in 
this country at least, there are interceptor sewers that take water from one catchment to another. So it is 
both and. It is both the natural catchments and it is the catchments that have been devised or linked 
artificially. And what is in those catchments, therefore, comprises the area. Is that alright?
590
595
1:17 KA: Yes, sure. It is important that we find it. Because if somebody should go and say, "There is 
no artificial drainage system here, so let is do the whole thing and forget totally about the natural 
drainage system, which are inherent in the system.." I just wonder, when we say urban drainage, what 
comes to your mind first, Richard?
RK: It depends what one is been working with most recently. At the moment, because of this UPM 
work that I have been doing, there is always this thinking about the impact on the river and the 
environment, becoming more and more of an issue. However, historically and still, in terms of the
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priorities of the water companies, and the requirements of OFWAT and legislation about flooding of 
600 buildings, flooding is still actually the priority in urban drainage for the water companies.
1:18 KA: So, if you were to make the list on the board, how would you make it?
RK: I do not actually think of flooding first, but bearing in mind the water companies are spending 
605 billions of pounds you have got to have flooding. Probably the main one. Second thing, the amount of 
spend is to do with CSO is , in terms of the environmental impact, trying to reduce it.
1:19 RP: In a sense, if you have more CSO is then you can probably reduce the frequency of flooding, 
where as if you have less CSO is , you get better control...
610
RK: I was not linking the two, really. Basically, for flooding, you have either got to put in storage or 
bigger pipes. You have got to have some mechanism for preventing flooding on a certain house. The 
CSO element, for me, is an environmental one.
615 RP: On the first one, flooding. Would you think in terms of schemes that increase flooding elsewhere 
or spread flooding? Because flooding is a very focused, very localised phenemenon, very often. If, for 
example, we had some source control, which made, in some sense, the flooding more distributed by 
limiting the connections to the network, maybe that is a better solution?
620 1:21 RK: Yes, I think source control is a big buzzword, is a big area, but I am fundamentally of the
belief that not only is it to protect the environment from a water quality point of view but it also
protects the environment from a flooding point of view, yes. But the trouble in England is the
legislative implications, the various responsibilities between local authorities for maintenance and 
water companies for adoption, and the Environment Agency trying to put pressure on people to do 
625 things, developers in trying to meet everybody is requirements..It is not like municipalities in say, 
Ireland or France where this is my patch, you know, the whole of Marseille, we are reponsible for it 
therefore you will do this, you will do that. So they can try all sorts of things and they can take 
responsibility if it does not work. But source control, having a relatively large number of new ideas, 
there is no long term proof of behaviour of systems, various responsibilities the water companies may 
630 have to pick up the tab if it does not work, but they have not been paid to pick it up, there is an element
of difficulty with that one. With regard to RTC, obviously, if flooding happens in the centre of town,
and you do not want to build a mega pipe, which will cost you several million downstream, obviously 
theoretically you could block the sewers upstream and flood some football field or something. 
Conceptually, all these things are possible, but the industry appears to be very slow in picking up RTC, 
635 and I would bLMe...(at camera) I would not bLMe anybody! The Environment Agency are not 
providing a good lead on this issue of RTC. The water companies will only implement RTC if there is 
a financial gain over any other system, and a phased approach to work often leads you to think about 
RTC as well.
640 1:23 RP: Actually, in the Netherlands, RTC is a big issue, and it is implemented widely simply because
I think it is a simpler situation. Very flat terrain. The interaction between the Polders and the drainage 
networks in the urban areas.
1:24 RK: Well, I think the main issue is that normal pipe sewers in a normal dendritic system, do not 
645 allow you to..There is not a huge volume of water storage in the pipes themselves, therefore an RTC
system can not push water around to somewhere then make use of it in a different way, where as in a 
very flat environment with lots of ponds or big pipes, you have that opportunity much more.
650
RP: Yes, it is a much better environment for RTC.
KA: Roland, do you want to add to this list or put your own priorities into this list?
RK: Can I just explain this one? (points to CSO is ) This is obviously an environmental issue where 
there is lots of debris as well as spill frequency into rivers. This is an area where the Environment 
655 Agency require all new development to have limited discharge to rivers and so on, because they want 
to protect the river from increased flow and so on, and there are very onerous requirements for 
developers to comply to longer time periods, 100 year time periods, to limit their flows to say, five 
litres per second per hectare and so on. I have a fundamental problem with the criteria they apply, and
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why they are applying it. I am not sure it achieves their goal, which is to protect the rivers. But those 
660 are the three things for me that are important.
1:25 RP: What about...the frequency of blocKAges and other things that do cause flooding? Do you 
see those as issues?
665 1:26 RK: Yes. Obviously, I am a design engineer rather than an operations person. I think an
operations person would think much more along those lines, and it is an issue which is the subject of a 
PhD at Hatfield Poly which has just finished and they have been trying to find sufficient record 
information to be able to make decisions based on knowledge, as to what areas to target, and their cost 
effectiveness and so on, and it is very difficult because the data that is logged is, shall we say, directly 
670 relevant data. Mrs Bloggs was flooded. It does not seem to have records which give them enough 
information to know directly what types of sewers and what types of material the sewers were, and how 
old they were and so on. So there is not a great deal of feedback upon which to make very structured 
decision making, but I think this age issue is fundamental to the SRM procedure in terms of material 
and traffic load and depth and the importance of the piece of pipe for servicing a hospital or whatever. 
675 But, I am not sure that anyone has got to grips with it, I think you are right. From an operations point 
of view, it must be fundamental to your strategy for long term asset conservation. I think one of the 
other problems, of course, is that OFWAT works to this five year timescale, water companies work on 
the basis of dividends, and the concept of fifty and one hundred year life cycles is not easily filtered 
through the mechanism because OFWAT is trying to protect the shareholders/stakeholders.
680
1:28 RP: Yes. I suppose the other thing that comes to mind as you are talking about it is the public 
acceptance of flooding or not having flooding as the case may be. There is a famous example in 
Thames Water whereby when they investigated the frequency of flooding they found the problem far 
more serious than they originally anticipated because the public were not reporting floodings. It 
685 seemed that they were prepared to live with floodings because they thought that if they drew attention
to the fact that they were flooded more frequently than acceptable then that would affect the price of 
their property, and all sorts of other things. So, tied up with this notion of flooding, we have to define
it, and what it is in terms of public response and public attitude.
690 1:29 RK: I wonder about this. This belief that it is linked to the value of a house. Because people is
initial problem is, you know, "Damn, this is a problem." and I think there may be an inertial element to 
this, the type of housing, the area, location and so on, and the fact that it is always been there. You 
know, they have grown up there, there is always been flooding, and they do not percieve that their level 
of service is particularly unusual, it is something they have just got to live with. I do not think many 
695 people actually set out and say, "Well, I would better not say anything because I am going to try and 
sell this house next year." I can not believe people actually think as objectively as that. I know that is 
the stated argument, but I do not actually believe it.
700
705
1:30 RP: But certainly, public acceptance and perception of what flooding is?
RK: Oh yes, the perception of acceptance. For instance, the river and aesthetics. I think this is an area 
where the CSG is , historically, there is just never been a problem as far as the Environment Agency or 
NRA was concerned, to the level it is these days where you have got all this stuff attached to branches 
and so on, and it is just not acceptable now.
RP: Well, one is visual and one is smells, really. Where as the colour of the water is not such an issue, 
perhaps.
1:31 KA: It depends how you grew up looking at it. If you were clean when you looked at it. When I 
710 go to KArachi, I am horrified, because I could see the depth of the water, now I can not. But younger
people do not notice, they say, "What is the problem? It is always been like this." So, is ageing an 
issue then, in urban drainage, when you think about it?
RK: I personally do not think in those terms because the design life. .The major sewers in London have 
715 been there for 150 years, and they still work. They do not actually receive an awful lot of maintenance,
and so on. I do fundamentally believe that the water company concept which will tend to minimise 
maintenance, staffing and therefore looking after your asset is fundamentally wrong. Basically, the 
whole of the value of the company is tied up with an asset which is worth something for 100 years.
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720 1:32 KA: (to Roland) Do you think it is a serious problem? Ageing.
RP: Ageing is a serious problem, partly because it rebounds back on investments.
KA: So is it number four on the list? This is how we percieve urban drainage?
725
1:33 RP: I would tend to make a slightly different list. I tend to work in a different way, but I am an 
academic now.
RK: In other words, he thinks far clearer than I do.
730 RP: I would start off with the question, "What service does urban drainage provide?" or something like
that. And if we are talking about combined systems, we are evacuating or removing excess rainfall 
run-off. That is the service that is being provided. People do not like to see water collecting on the 
surface, they want it to be drained off from the paved area into the pipe system. What we call flooding, 
is not so much that direct collection of run-off on the surface, so much as water coming out of the 
735 system at some other point. Or it is both and.
RK: It is both. You are right.
1:35 RP: So that is the first one. The second service is evacuating wastewater from houses and 
740 industry, public services, hospitals etc. My thinking is that these are the two services that are provided.
That is why they are there in the first place. They generate two things. They generate flooding. They 
generate problems with flooding and they generate problems with pollution. Both when it floods. 
Where it floods. Then you can say that generates health problems, though the evidence for that is still 
quite difficult to tie down. But it is not as though we have open sewers now.
745
1:36 RK: Well offshore, I would say it is very much more easily proven. Prevailing viruses in winter 
and things like that.
1:37 RP: Another consequence, to my mind, is that these systems that we provide, can cause a drain on 
750 financial..capital investment. Capital investment that society has to maintain these services. You can
get sewer collapses which cause all sorts of problems. So, there are problems to other parts of the 
urban infrastructure, which are structural. The capital investment is important because that affects the 
quality of life of the society. And then there are all the other consequences of providing efficient 
operation, design, maintenance and so on. So when I think of urban drainage I think in those terms, in 
755 that way.
1:38 LM: Do you think of the health implications of flooding? The most recent example is in China, 
last year, one of the major consequences was a cholera epidemic. So in that sense, there is a 
relationship between the two.
760
1:39 RP: Well, as I said, life is an issue is both Genoa and Athens. Genoa, in particular, as it is a lot 
steeper than Athens, and the catchments are much smaller, and people have lost their lives to flooding. 
And occasionally, you hear reports of children being swept into culverts and so on. It is one of the 
dangers, I suppose, of having...for flooding. Sometimes kids just play around there. They love seeing 
765 an unusual event.
1:40 RK: You have got to be careful about what you mean by flooding, because it ranges from 
collection of water from rainfall, water coming back out of pipes with pollution impact, water quality 
impact, then of course you have bigger events where the roads are considered to be conduits as well as 
770 the pipes, and then you have bigger events like Hurricane Mitch and the Yellow River where you have 
got extraordinary events but they are not really what I would say urban, I would say they were 
catchment.
1:41 RP: Or you have got the Bangkok situation, where it floods for several days, and everything drifts 
775 down the streets. Calcutta is the same. So, in those cities, I do not know how their health problems 
survive. I suppose they must be more..
KA: The mortality rate is so high. From that event, there is no risk..
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780 RP; It is difficult to distinguish what is due to those sorts of events.
KA: I mean, if you are...to begin with, if you get flooded, you will probably die a bit quicker.
RP: In Bangkok, remember that one occasion, we saw people scraping screens? They were not using
785 the automatic scrapers because they were not working, so they were doing it manually. So they were
down in this sewage, really, what was raw sewage. Underwater, holding bamboo pipes, getting air 
through bamboo pipes and cleaning the screen.
KA: Also, you have an immunity. If you go visit a country where water quality is not very good, you 
790 have to live there for about a month and then you develop immunity. So, what may be fatal to 
somebody in Britain may not be fatal. It depends how our immune systems work. And maybe 
flooding is a blessing for people in rural areas, is not it, it is the way we fertilise the land. We go and 
control the thing and then we import fertilisers. Can we go through the list of questions? This is going 
to go into his PhD, so you should control this thing. But, we have discussed lots of the issues, so..
795
1:43 LM: The next question, then, is, "Who are the main stakeholders? What are their roles and how 
do they co-operate?" It might be useful here if we try and concentrate on the Portsmouth and Havant 
study.
800 RP: My first comment is the obvious one, and that is, it is the community that is the stakeholder, really. 
RK: But the community is represented by..
RP: Well, in Britain this is where we get all sorts of contexts coming in, because the chief stakeholder 
805 which actually is the community, does not own the drainage network. Or the actual network itself, and
that is in the hands of a private company whose shares are traded on the stock market, and although you 
could probably say the national community, if you like, has a stake therefore in that company, but it 
still seems to me there is a division here, so co-operation is particularly important. Perhaps the way 
that the government has tried to set it up, is that they have tried to maximise the co-operation that goes 
810 on, but I still find it a rather difficult concept.
1:45 KA: Maybe the three of you should make a list of the stakeholders, without affecting each other is 
choice, and then we can see what comes out. We will see what comes to your mind first. We will see 
this lefty environmentalist produce his list, here.
815
1:45-1:48 (Roland, Richard and Leon list the stakeholders on their own notepads)
1:48 RK: I think very directly and unimaginatively, so I think in terms of the Environment Agency, the 
local authority, the community served, which is domestic, commercial and industrial, the water 
820 company, and I divide that into three parts because I see some conflict between them. One is
operations, trying to provide a continuing service, a design team which thinks in terms of whether it 
provides a service to the level required, and then the accountants who are trying to run the company 
from a financial point of view, which is completely different, and then I see OFWAT in there, trying to 
act for the community and the water company, and therefore as some representative of the government, 
825 I suppose, though they are not actually a government body. The local authority are government, I
suppose, but it is contracted out.
KA: What about individuals?
830 1:49 RK: I would just put that globally under domestic, commercial and industrial. You have your
individuals, usually represented in domestic dwellings. And then you have your commercial, centres of 
towns, and then you have your industrial, which has a requirement to receive effluents as well as to 
ensure your service levels.
835 KA: Roland?
RP: Broadly the same. I think the Environment Agency, in one sense, represents a national interest, so 
that is quite important to recognise because they have an integrating function. They are not just
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interested in a particular locality/municipality. Otherwise I would agree largely with what Richard is
840 put down. I think in Britain there is no way of influencing the water companies except by regional 
council or OFWAT, and by complaint making too. There is no immediate political way of affecting 
them, which is not the same as in other countries. For example, in the States, you can directly affect 
them politically, by voting. So, maybe that is a problem here.
845 1:51 RK: Obviously, there are laws which they have to comply with, European directives and so on,
which we have signed up to, but presumably the Environment Agency is acting for the government in 
that respect. In defining what is acceptable. In other words, you can agree or disagree with their fist of 
CSO is that are acceptable in classified rivers..
850 1:52: RP: Yes, I suppose on the catchment management plans there is quite a lot of extensive
consultation with the local population.
855
RK: Yes. Theoretically, there is this link, but I think that an individual has to be very proactive to 
have much influence. I think the local authority is acting for the community.
1:53 KA: Could you order the list you have? What is the priority?
RP: I put national interests first..
860 KA: So did Richard, but indirectly..
RP: By the Environment Agency.
KA: Yes, it is a bureaucracy, but I think you had a more proactive role for people involvement.
865
RP: Yes, I would have preferred to..I put voting down on the role of community because I feel there is 
a political dimension to it which is much missing in the UK. Then I have got urban administration and 
local government down. Again, this is a continental viewpoint I suppose, where the municipality is 
responsible for the drainage of its area. I do not know why I have put industry down next. In terms of 
870 order I have just..Some industry is a stakeholder, particularly those that have to use freshwater
resources, the food processing industry etc. They both need fi-esh water and they are great polluters. I 
am still very keen on public services, like hospitals and fire fighting. I would include them as a 
seperate entity to your domestic, commercial and industrial. And then the utility company. Obviously 
a stakeholder. For obvious reasons. I liked the way Richard broke it down into those three 
875 components. And then the Environment Agency which is responsible for a whole range of different
aspects. The fishing lobby is very powerful, tradtionally, so they have a strong interest, a strong stake 
if you like. And then you have got navigation, recreation and so on. I was not meaning to put them 
last, they just happened to be last on my list.
880 1:55 LM: Shall I go through mine briefly? I began with community, because that was what Roland
was discussing before we broke off. But then, thinking about it, community on many different scales. 
If we talk about the national community their priorities will obviously differ. They may not be 
concerned with Portsmouth and Havant but they might see a need to treat the sewage from that area. 
And then there is the local community. Richard mentioned a case where, again in Portsmouth, they 
885 would not want a second treatment works to be built, because not many people want a treatment works
next to their house. So, there are different scales, we can not necessarily think of the community as 
one.
1:56 LM: I thought of the environment as a stakeholder in itself, really, and then you have got 
890 representatives whose job it is to protect that environment. One of whom is the Environment Agency.
But then, I also think you could argue that that is not their sole objective, because as a government 
body they also have to conform to other national priorities and objectives. So then other environmental 
organisations might be more concerned with the environment in a particular region, where as the 
Environment Agency are concerned at a national level. The utility, I saw, their primary concern was 
895 with the shareholders.
1:57 RK: Pipes have got nothing to do with it.
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900
920
KA: True.
RP: It is purely a business opportunity for investors. Nobody mentioned Greenpeace which I was quite 
surprised at.
LM: When I explained about an environmental organisation who might be more concerned at a local 
905 level, the one I thought of was Surfers Against Sewage, who are quite active on a very local level.
RP: Yes, they are.
1:58 KA: One thing I see now as very British is this to preserve and protect. Nobody talks about 
910 sustaining. Sustenance is important. Over a period of time things change. Something which is rural
becomes urban. You can not preserve the whole country, and every morning there is one new museum 
being established. Things have to go. So, to me, sustenance is important. It has to be sustained. It 
has to be renewed. Old things have to go. New things have to come in. Not indiscriminately. This is 
why I call you a lefty environmentalist because you always use this negative language. Protect and ban 
915 and legislate, which is disturbing.
RP: (to Leon) You know this gentlemen, I trust?
KA: You have to dissapear now, Richard?
1:59 RK: The thing between Roland and myself is that he thinks far clearer and more conceptually, and 
I just think in terms of nuts and bolts. I think the two together are complementary.
2:01 RK: I think this holistic, catchment wide, global, clever approach to trying to look at things..The 
925 Europeans are good at talking about it, but not many have gone down the road.
RP: I was talking to someone yesterday who has done a lot. Very impressive.
RK: Yes, but if you think in terms of Italy, France, Portugal, Spain, Greece, the lot. I mean, basically, 
930 they are way way behind, and not just in terms of the concept or applying the concept, they might
actually believe the concept, but it is actually applying it. And there are some countries that have gone 
down this road but not many. But the problem is they are all fundamentally flawed unless they have a 
good asset database. I think that is very difficult to get across. The concept of verifying a model, or 
having sufficient asset data which is accurate enough to be able to build a model, just does not seem to 
935 have yet sunk in.
2:02 KA: In terms of asset surveys, are you happy? On a scale of 0 to 10. Do you think that the data 
available to you in that study was good or not good?
940 RK: In Portsmouth and Havant? I never investigated their data. All I can say is that from a Southern 
Water basis, I know that they have been collecting and verifying information on their own database 
from back in the eighties, and they have spent a lot of money on it, so fundamentally I believe that they 
are likely to have a good asset base, compared to a lot of other places. If somewhere like Italy had 
provided me with Portsmouth and Havant, I would go right back to asking where they got their data 
945 from.
2:03 KA: And what about the legacy systems. The combination of WASSP, WALRUS. Are you 
happy with that?
950 RK: Combining them is fine, but you have to understand the premise upon which things were built.
For instance, WASSP and WALRUS you have to approximate systems to make them seem like or 
behave like the system in reality. So there is lots of conceptualisation which might be transferred 
across to models like Hydroworks, where you do not have to conceptualise, or not nearly so much.
955 KA: What was your feeling? Were you happy about the legacy system or were you unhappy about it?
RK: Well, in principle I am unhappy. I would much rather throw those WALRUS/WASSP models out 
the window, and then to have built Âe Hydroworks model direct from the database.
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960 KA: This idea you mention about the data being good or not good. And who updates it. Whether the
database has integrity or not. Were you generally happy in this case study about the integrity of the 
database?
2:05 KA: You mentioned model building. Are you generally happy or unhappy about model building? 
965 Which side of the fence would you sit on? If you view a problem and they say, "Yes, I have got this 
model here."
RK: I would say that the industry in England has been around sufficiently long that you end up with 
people who are both good and bad at it. There are obviously some people who are very competent, 
970 who produce good models, but if I came across somebody that I did not know, then I would not
necessarily believe that he had produced a good model.
975
1005
1010
2:06 KA: And legislation. You mentioned a number of times. Was the legislation too onerous or not 
very lax?
RK: Legislation is a function of what the community expects and therefore what is acceptable 20 years 
ago, or might have seemed to be extremely tight in terms of requirements 20 years ago, like this 
dumping of sewage in the North Sea and so on. There are very good technical arguments behind why it 
should not be too much of a problem, it is just now become, in the perception of the people, just 
980 unacceptable..
KA: How do you find this UPM, Bathing Directives..We all complain about this deluge of paper from 
Brussels.
985 RK: You have to judge each one on its own merits. Whether you think its good or bad. I think there is
an awful lot of lack of technical insight and it can fi-eeze technology so that you try to comply with the 
letter of the law, and it prevents the spirit of the law. The example I can give you is the Formula A, 
which is the pass forward rate on overflows, now in modem day use in real time control, and storage 
tanks and knowledge about pollution in the first flush, the concept of applying Formula A rigorously 
990 throughout the country is rubbish. But at the moment the Environment Agency would not overturn the 
concept of Formula A because it is a nice rule of thumb.
2:07 KA: Methodology, you mentioned. Methodology by which the whole design process and things 
work in Southern Water and in your general experience. Too conservative or too liberal? Too 
995 community minded or whatever?
2:08 RK: A methodology is a way of ensuring that you end up with a model that behaves as the system 
behaves, adequately for the purpose for which you are going to use it. Some people cut corners and 
some do not. There is a set of activities which need to be done to ensure that you obtain the correct, 
1000 sufficiently accurate information.
KA: The last question I had was about instrumentation. How you instrument your catchment area to 
get the data. I think you mentioned two or three cases where this was not right. Do you generally find 
instrumentation adequate?
2:09 RK: Instrumentation is the major weakness in this area of being sure about how the model 
behaves. There are a whole number of survey activities which can be done in sewerage, and I would 
say that nearly all of them have significant weaknesses in trying to establish what to do. Flows, 
pollution levels, rainfall depths.
KA: OK, thanks. That was very good. We have mined lots of information.
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Interviewee: Nicholas Odd of HR Wallingford
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Location: De Mornay Room, HR Wallingford
10
[Mr Odd agreed to provide comments on the transcript of the interview involving Professor Roland 
Price and Dr Richard Kellagher detailed in the preceding Appendix Al. The passages of text in that 
transcript to which Mr Odd responds are shown below in square parentheses. The figures given 
15 indicate audio tape counter readings on the recording of Mr Odd.]
[.. .difficult to be sure about...]
025 NVMO: Right, what Richard is saying is that the more complicated the design, the more difficult it 
20 is to predict its performance. He's also saying if you try and finesse the design to meet pollution
criteria, such as three spills in summer season and such like, the predictions are more complicated. In 
fact, possibly by a factor of ten. So, if you try and save money to meet legislation, you need a much 
more detailed study.
25 [.. .appropriate use of the model...]
NVMO: They're referring to models. I think it's the principle of uncertainty that's important fi'om the 
point of view of the design of sewerage schemes, in all its aspects. The model is not really relevant to 
the design of a scheme. It's only a tool. But it highlights the problems, the uncertainty of what is likely 
30 to happen. I think most systems are designed for the average day, since the population is constant. So
you get a constant load. Then you get these extreme events which, really, in terms of the sewage 
works, only relate to mixed systems. There is another thing. Systems that depend on the continued 
high performance of sewage works. If the sewage works breaks down you get a catastrophic event, so 
there is that sort of risk. And then there's the risk of epidemics if you have flooding of sewage in the 
35 city.
102 LAM: We actually discuss risk later on in the transcript so you might want to refer back to that 
again.
40 NVMO: OK, but with a bit of luck I won't have to because I'll have covered it. I can't offer you a great 
deal..
LAM: No, this is good.
45 129 NVMO: What he's doing here..Richard's highlighting the difference between synthetic data and
real observations, and he's saying that real observations are much more valuable.
LAM: Would you agree with that?
50 NVMO: I think there's a lot to be said for..Synthetic data is useful. It's really an extrapolation of the
observations except for extreme conditions. It then gets so unreliable, it's a bit like using a Gumbel 
distribution to predict extreme waves. Or put it this way, any distribution. For different distributions 
you get different answers for the extreme wave. I suppose it doesn't matter too much in this case. It's 
just that there is a major misuse of the word data and synthesised data is not the same as real 
55 observations.
[.. .rather than stochastic data...]
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NVMO: What Richard is saying there is that when you consider drainage for a city, or sewerage for a 
60 city, there's often (not in this country but certainly overseas) very large seasonal effects. So you get
completely different conditions in the dry and wet seasons. You have to cater for both.
[I don't approach it from a risk and probability basis...]
65 193 NVMO: He's now saying that because of the power of computing you can actually simulate the
detail of whole cities. The drainage and such like of whole cities, where as before you had to look at 
each sub-catchment. This is something that requires a lot of co-ordination and a lot of data to do it. I 
don't know how practical it is in a city like Istanbul, for example, where Richard has looked at the main 
collector sewers, but then you have literally hundreds of thousands of connections.
70
115
LAM: Would you accept that the benefits of modelling whole cities, given the amount of data and the 
amount of co-ordination that is required, are justified?
NVMO: I think you have to do it. Probably starting off with what's called a lumped analysis. And then 
75 extending the detail as and when you need it, rather than try and analyse the way a city behaves in its 
full detail at once, because you wouldn't have the information to run the analysis. I'm using the model 
here in terms of..it's just a method of analysing a system. Planning it actually requires you to draw the 
system on a map and then test it. So the model is an analysis tool.
80 LAM: Can you explain what you mean by a lumped analysis? Is it at a higher conceptual level?
221 NVMO: It means that, for example, you'd take a sub-region of a city and say it had a population of 
a 100,000 and then you'd lump that load at a point, and you'd estimate the load from the population, 
with nothing more to it. So that's called lumping. And then if you analyse the detail of that sub- 
85 catchment, that's when you add the detail. So, you'd have the trunk sewers, for example, if you were
designing a conventional system, and then you have all these branches, so it's like a..I think the same 
thing would apply to water supply. You'd have nodes of water demand and then below that you'd have 
a network of distributary pipes.
90 LAM: Where you lump that population. Would you then apply that to a worst-case scenario. Would
you apply that to the most sensitive point of the downstream water body, for example?
NVMO: The downstream water body? You actually might lump the whole city together if it was a 
lake. Or if it was a river like the Ganges, you have cities several hundred kilometres apart, and then 
95 they each introduce a lump load. But if you go near the city you'll find that the load is on the edge of
the river and one half of the river will be clear and the other half will be very highly polluted for 
example. Further downstream, the impact of the city would be dispersed all the way across the river 
and you can get away with the easier assumption.
100 261 NVMO: He brings up an interesting point of safety factors. When you design a bridge or a
structure you introduce a safety factor, which is typically two or three. In fact, it might be that you 
don't want the bridge to deflect a certain amount rather than actually break. But with water projects 
this is really not possible. You can't design pipes and channels to have a factor of three. You tend to 
have rather lower safety factors and therefore occasionally the system overflows, and that's the
105 difference between them. And yet, the method of doing predictions is no better than the structural. In
fact, it's sometimes more difficult.
LAM: For what reason are the safety factors less? Is it purely monetary reasons?
110 NVMO: Yes, you can't really..There have been systems that have been over-designed. I think the
London main sewers designed in the 1880's, 1860's perhaps were over-designed and still obviously 
provide a good service.
LAM: Is that over-design part of the reason they are still providing a good service?
NVMO: Yes, it is. Of course they would be very difficult to enlarge even if you wanted to. I think if 
you're going to build a complicated system, say a subterranean pipe network, it's best to have a fairly 
generous size. There probably is too much economy applied to some systems. I'm not sure what the
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present policy with it is. It really depends on what additional cost there is to adding a safety factor to 
120 an actual, let's call it a pipe size, for want of a better word. Ofcourse, if the works needed to be
installed in the first place are 80% of the cost, you might say for another 10% you could increase the 
capacity. It's certainly true that if you've got a catchment..If you took an expanding city, they had a 
terrible task working out what the rate of growth of population would be, for example of Istanbul, again 
where they don't know what it will be in twenty years time. But it keeps on expanding into the 
125 different hills, adding to the load on any trunk system, for collecting sewerage, for example. So, it's
best in that case to be conservative so that you can take into account extra growth.
130
155
LAM: If you look at London, for example, those sewers. I doubt whether they were designed with a 
view of the population in 140 years time. So, was it purely over-design? Because it was possible?
309 NVMO: Well they weren't..I'm not quite sure..They had a sort of grand..Well, it was rather a 
wealthy city. With a bad sewerage problem. I think that's probably the case. Therefore they could 
afford to do it. Now, you can also afford to do it if you've got an income, like the ring main for 
supplying London with water at the moment. You need an income, and the problem is people 
135 are..Developing cities find it very difficult to get an income from providing sewerage. People would 
say, "Well, we haven't got the money and we prefer to throw it in the street and have somebody else 
take the problem." With water supply it's different. People are used to..well, not in this country, but 
overseas..they're used to paying for it. But sewerage, they're not used to paying for it. So without an 
insured income you really can't pay back the capital. I'm speaking as a layman, now. They also, 
140 actually, can't even maintain the system, which includes complex things like sewage works. But I think
it's probably better to over design some things. It may be easier to actually maintain them afterwards.
356 NVMO: His example of the Isle of Wight is quite interesting, in that the water company designed a 
clean sweep system that would treat the sewage from the whole of the island from one place and 
145 discharge it to sea with primary treatment within the terms of the European legislation. But then,
unilaterally, for reasons of. .Recently the government has said they must have secondary treatment. So 
they have a whole system there designed for primary treatment; a long outfall, they've got planning 
permission for a primary treatment plant which is smaller than a secondary treatment. And then, 
they've at the drop of a hat, for political reasons, probably quite good ones, it's just that the local 
150 population wanted the best possible treatment because it's a tourist resort. And so all of these plans and
optimisations are thrown out the window. Because with secondary treatment, they could have, for 
example, not collected all the sewage together, they could have discharged it a different way. So, it's a 
case of political expediency, in this case, improving treatment at the expense of the same population 
who want it. They won't be overly happy at having to pay for it.
379 LAM: Do you think that was the utility company's failing? In that they didn't canvas public 
opinion to find out what people wanted before they made these plans?
NVMO: Well, they were making use of EC legislation that allowed agglomerated discharges, this 
160 means a discharge from a number of points, provided it was less than 150,000 people equivalence, you
could discharge it areas of high natural dispersion with primary treatment, otherwise you're taking
account of the legislation as it stood. And the government decided not to take advantage, in this case, 
of the opt out which is article 6.5 of the Urban Wastewater Treatment Directive. Whether that would 
happen..The reverse tends to happen in other situations, where the government opts out because it can't 
165 afford it, so it allows the environmental standards to be overwritten. It's a complete reverse, so it's 
interesting that it can happen both ways. It depends a bit on the lobby you have. If somebody..If 
there's a strong lobby for improving one the quality of a lake, for example, they will force the polluters 
to do something about it.
170 [...include that in the same storm...]
412 NVMO: The Isle of Wight is an example of a case where they planned the sewerage, or the new 
sewerage system, to aggregate..Every population centre on the island was..All the sewerage was being, 
by pumping, directed to one site. I think that seems to have an over-riding power for the planners to 
175 have one sewage works.
418 LAM: Can you think of any reasons for that?
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NVMO: I think if you analysed it it must be related to the economies of scale, and in that case they
180 were seeking an area of high natural dispersion in order to use primary treatment. Richard, here, was 
referring in fact to spills that you get from the other areas so if when you do this, if it's a mixed system, 
you can get spills, even if you collect most of the sewage and discharge it to one point, the spills in fact 
are local, still local.
185 427 LAM: Can you think of any special considerations that have to be made, given that the Isle of
Wight's a small island. You've already mentioned the fact that gathering all the sewage together in one 
place can increase risk if there is a break down of treatment facilities. But it also impacts upon the 
island, in that..
190 431 NVMO: Well that was a general statement about, if you design..That particular system wasn't too
sensitive but there are systems with short outfalls demanding continuous high quality effluents. This is 
when the breakdown of the sewage treatment works matters. In that case they had a long outfall, and in 
fact, you probably wouldn't notice if the sewage works broke down completely. They've ended up in 
some of these situations with a long outfall because they've designed it for primary treatment and then
195 they're putting secondary treatment in. That also applies to Portsmouth. You wouldn't notice. They're
quite safe. In that case. There are other areas where if you have a rocky foreshore they tend not to like 
outfalls it's just too difficult to put in. So you have a very short outfall with every knob and whistle on 
the treatment works to give high quality and that's when you're at risk if they fail, because they are 
biological systems and they can be damaged by other pollutants.
200
446 LAM: This case seems interesting to me because the impact of the wastewater generated by the 
island is directly affecting the Isle of Wight because it's impacting the tourist industry. And the 
population have identified that, and have therefore demanded improved treatment.
205 450 NVMO: They're one and the same population. I agree. You could say that Sandown wasn't
perhaps the most affluent area, but was the most popular area. Sometimes I've noticed there's a 
situation where the most affluent parts of a city are all too keen to have sewage works near the poorest 
parts, which might be down by the sea or might be at a lower level anyway. So they push the problem 
into an area where people perhaps don't have the same clout to complain about it.
210
[...the general representation of the pumping stations...]
469 NVMO: Systems that require a lot of pumping..The old systems, like say the original system for 
London. They were gravity systems. And they were designed from scratch to be gravity systems, 
215 hence the big pipes actually. Pumping systems in a developing country require a reliable electrical
supply. You can have standby generators, but they are obviously an added risk. They need 
maintenance, where as a gravity system may work for hundreds of years quite adequately. So there are 
degrees of sophistication. You have to be careful about it. I suppose there are some very reliable 
pumping systems but I think if you splashed them all over a city you'd certainly need to be sure of 
220 having a reliable electrical supply and maintenance team. Richard also mentioned receiving waters
there in passing, and I think he was saying that the same degree of detail wasn't applied to the 
predictions for the impact on the receiving waters of the pollution, as on land. There is a famous 
phrase, "Out of sight, out of mind." that was applied to the discharge of sludge in Liverpool Bay, and 
that tends to be the case. If you can't see a slick from your pollution, from your sewage, or you don't 
225 see the seagulls or whatever, people tend to be happy, at least the general population. And they will
swim in lakes that are heavily polluted. Which is very dangerous. But, nowadays, there is more 
urgency to consider the receiving waters, and whether they're gradually deteriorating with time.
498 LAM: You mentioned, when you discussed the introduction of pumping systems, that there was 
230 increased risk of failure. Do you think, then, there's a need to consider risk quantitatively? Because 
later in this video Richard discusses risk but only in qualitative terms and he relies on his own intuition. 
Do you think that given increased pumping that risk becomes an issue which needs to be considered 
explicitly?
235 503 NVMO: Well, it does in a city where you..I think it ought to be quantified as part of the design and
given a cost. Because when it breaks down, if you have an epidemic or something, there is a human 
cost and I think before you put these cost saving devices in..I mean that's what they are, really, or they 
may be used that way anyway. Yes, it should be evaluated. And that would perhaps change the
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balance for the scheme you were going to use. You might then say, "Well, on balance, it might be 
240 better if I designed a more robust gravity drainage system. "
512 LAM: Do you see that process is lacking at present?
513 NVMO: Well, in the UK I would guess they feel confident about the electricity supply and the 
245 equipment and the maintenance to do it. And also there's enough control, enough regulation to make
sure that the water companies do comply. So you need a regulator to actually have some clout and be 
able to essentially find Âe operator of the system if it failed repeatedly. Although I suppose if you're in 
a developing country you could use..quite naturally you'd use..you'd say, "Well, the electrical supply 
failed. It's not our fault." But that sort of information would be known at the design of the scheme. 
250 These pumping stations, I should say, all have bypass systems and you want to be sure on the 
frequency spill of the bypass system and whether the raw sewage or whatever coming through the 
bypass would actually decimate a water body.
255
280
[...yes, that's a fundamental belief of mine...]
545 NVMO: There is a major problem in collecting data and validating it. There's something called 
metadata which is data on data, which tells you how accurate it is. There are recent examples of 
designing systems with..There's quite an infamous one in Hong Kong where they've put in tunnels, the 
contractor, believing the levels and in fact I think it flow the wrong way. These are what are called 
260 granny mistakes. Certainly the levels are all important. I know engineers would say, well this is
obvious isn't it, but I think it's still a problem. I was amazed in China where they were 
designing. .There was only a level of half a metre over a hundred kilometres and they were quite 
confident in their levels to the nearest millimetre or so. It certainly mattered in that case because it was 
a siphon. So that, I would have though was paramount. Levels more than distances. I think the 
265 difficulty of having a high level of scientific levelling in some developing cities is significant,
especially if it's flat land.
564 LAM: So quality of data is an issue.
270 NVMO: Yes.
[...cost implications...]
566 NVMO: In this context databases are also what matter. If the data's spread all over a city and it's 
275 on paper that is rotting, then you don't have the metadata. In other words, you don't know where it
came from, or its reliability. That is a major issue, I think. It's not easy to get around. It's quite 
expensive. Because if you say, "Well, set up a dataset." people can put a whole lot of unreliable data 
into it. So, it's a major exercise to clarify, clear out all poor data, as anyone knows, even from a simple 
address list.
576 LAM: Given that, would you agree with Richard's statement that, "The more he can include the 
better."
577 NVMO: Well, he said two things. He said original data was best, and he was talking about 
285 synthesised data. "The more data is the better."
580 LAM: We could go over it again as I think Roland repeats the phrase.
[...so the philosophy is...]
290
582 NVMO: Yes. The more detail..Of course, he's talking about rather sophisticated methods of 
analysis here, and..Unless, it can be validated the data, I don't think that can be applied. So, the more 
validated data you've got the better. You might ask what validation means. Well, I know one case 
recently in Lake Victoria. Twenty years after one set of observations on water quality they were going 
295 to repeat it. And to make sure tiiat they could actually compare the two, they went back to the old
method of doing the analysis so that both methods of analysis were the same. They took a lot of care 
over that because if you change your method of analysis you can get a different accuracy or answer.
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That's an extreme case. I think lots of unreliable data puts you in a complete.. You're lost. You get a lot 
of unreliable data. Gives you a very unreliable result.
300
597 LAM: We can go on and listen to this but I think Roland argues later that the uncertainties inherent 
in things like rainfall are greater than those which you can reduce by improving the detail of your 
model.
305 600 NVMO: I'm thinking in terms of planning, not the model. The model is a vehicle for discussing
planning, because it's a tool you use to test schemes. I don't think a planner of a city sewage system 
would approach it from this angle. It's an interesting [unclear] engineering common sense to design the 
system. Each system is unique, depending on the local topography at a minimum, that's one thing that 
determines it. The uncertainty of the climate doesn't apply to the same extent in a closed system. Now,
310 I'm not quite sure, but a lot of developing cities will have open drains as well so it's difficult to say 
whether it's a mixed system. What it is in fact is an open ditch system and drains. Probably.
[.. .very intense storms often are summer ones...]
315 648 NVMO: They're talking about..this is urban drainage really being stormwater run-off. The
importance of this varies from city to city. It can just be a transient event you just put up with and it 
has nothing to do..You can't actually design a system to contain it if the whole city is inundated. If it's 
near a neighbouring river or something you can actually put up flood banks but the very extreme events 
I don't think you design any system to actually absorb. Well, you can design the open drainage system
320 to carry it, and that's what they do in Los Angeles, for example, cities that are prone to short, extreme 
flash floods can do that. And then they have a particular way of designing these systems, using roads 
that can also behave as channels.
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Interviewee: Ray Caine, Southern Water
Interviewer: Leon Miles
Date: February 1999
Location: Budds Farm Treatment Works, Hampshire
LM: This is Leon Miles speaking to Ray Caine of Coastal and Water Services, asking him a few 
questions which were also asked of Richard Kellagher who carried out a modelling audit of the scheme 
for Portsmouth and Havant's waste water treatment, which hopefully Ray will refer to. I'll begin by 
asking the question: given the task of determining the most appropriate solution to an urban drainage or 
pollution problem, how do you conceptualise an urban area? Do you think in terms of population 
equivalents, or local industry?
RC: The fundamental point is the population. There are a number of parameters which can be applied 
to population numbers to give indicative pollutive loads that are going to arise. In terms of the 
foul/waste water from the place. The industry has an impact. It's a function of how significant that 
industry is. Modern industries tend not to be that significant. Some of the old heavy engineering 
industries obviously were. Bottling industries, dairies, abattoirs, that kind of thing you have to consider 
because they do make major contributions alone, but the larger the population obviously the less 
impact any given industry has. But we do look at the polluting load in terms of trade effluent 
consented discharges, that's our main source of information. We don't assume that all discharges will 
reach consent levels all the time. Obviously they have to look at what the typical discharges are not 
just the maximum consented to get realistic loads. The next question, really, is the type of drainage 
system. To what extent it is combined with surface water drainage. In Portsmouth, this is particularly 
relevant because it has one of the highest areas of surface water drainage entering the foul sewers of 
anywhere in the country which results in very high dry weather flow multiples to be handled in times 
of storm. The other critical factor is the geographical setting of the urban area. You have to, opposites 
really with Portsmouth and Havant, because Portsmouth, particularly Portsea Island is very flat so the 
sewerage system is at very shallow gradients, the resulting problems arising from deposition of solids, 
flushing of solids are unique to Portsmouth in their scale. Havant is a much more normal undulating 
terrain with a fair proportion of separate sewerage and normal sensible gradients along the sewerage 
system so it doesn't suffer these particular problems, so just within this one project we have a good 
range of scenarios there. The systems generally, our model of the sewage systems will be modelled for 
an area before any major project is developed. This will again reflect the percentage of surface water 
entering the system. It will provide hydrographs of flows, it will provide volumes of storage that might 
be required to meet spill limiting requirements of the bathing water directive and the thing we have to 
do to go with that is flood monitoring over set periods to establish true dry weather flows and in 
conjunction with that flood monitoring we would now carry out a waste water characterisation study 
where we sample the waste water against the flow so that we have a good profile of the strength of 
sewage against the flood rate. This is then compared to the population equivalent calculations based on 
sort of national standard assumptions so you can identify any peculiarities in the system. In the case of 
Portsmouth a major issue is that of chlorides from seawater infiltrating into the system.
LM: Are those population equivalent assumptions published anywhere? Can you refer to a particular 
document?
RC: They would be, I mean, they are published in internal reports of Southern Water's records of their 
catchment areas. They would be published in documents such as planning submission documents, 
environmental impact statements and so on. So they are published on an as necessary basis. I'm not 
aware of any publication other than for their own sake.
LM: They don't derive from the UPM manual or anything?
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RC: Pass. We have this information in-house. Obviously we use it. We have catchment management 
studies which are carried out. We have drainage area plans which are produced for each catchment. 
These look at flooding issues unconsented storm overflows, bringing these up to new standards as these 
are applied, so we have a large database with drainage area information. I'm not sure to what extent it 
is published, as I say. I mean, the Environment Agency obviously has access to it.
LM: Okay thanks. My next question is, who are the main stakeholders? What are their roles and how 
do they cooperate? Either in Portsmouth or in a typical project?
In relation to a project, primary stakeholder is Southern Water Services Ltd who are the operating 
company. I actually work for Southern Water Technology Group who are an advisory technical body 
to procure and assist with development of concept and so on. So the primary stakeholder is the 
operating company. To meet their legal obligations. The other main stakeholder, obviously, is the 
customer who is looking to see these obligations met at the minimum cost to themselves, but having 
said that they are also looking for sometimes more than the legally required standards in their 
enthusiasm for cleaning up the environment. In the case of an urban development, the local authority 
obviously has a major interest, both through their planning department and their other departments, 
environmental health and so on, in the decision-making process of where we would put major 
installations and the impacts of construction work. The Environment Agency is obviously a major 
stakeholder in terms of checking that our proposals are going to meet the legal requirements and 
monitoring our performance once the project's complete. And also in interpreting, actually interpreting 
the legal requirements, but that would normally not be done so much on the project basis, as one the 
sort of national consultation basis with all water companies. All the contributors, contractors, 
technology group, consultants who do the detailed design work, suppliers of equipment, process 
designers. All these people obviously are stakeholders who have an interest in achieving a successful 
project, but obviously making their companies' living in the process. So there's the balance of 
profitability versus competitiveness and so on, from their point of view. We have the major issue of 
PR during construction, particularly for the local people who are affected and they are not necessarily 
the ones who are going to benefit most from it. They may be just the ones who just happen to be in the 
way of the construction. So you've got an issue there of trying to mitigate the impact of construction.
LM: Do you see a major difference between a privatised utility and a public utility in that the 
shareholders of the utility then become stakeholders too.
RC: Yes. They are indeed. I'll probably get shot for not mentioning that without being prompted, but 
then I came from the public ownership origins of Southern Water. They are. There, the point is that 
the utility is limited in its income by the regulator. The regulator allows income to be charged against 
investment. The water company and its shareholders interest, then is to achieve those objectives within 
that budget to ensure that they don't have to erode the profits to bail out a project that's cost more than 
they've told Ofwat it would in their projections. So there's an important driver there to keep costs 
under control. The other interesting aspect of stakeholder relationships on this one is that as a public 
authority, when Southern Water proposed works, the public response was very different. If people 
were going to suffer the impact of things they tended to just accept that it was something that had to be 
done. Now the first assumption is, well, if you spent some of your profits, can you do it better? So 
there's a sort of immediate anti-reaction because we're a private company which we didn't suffer when 
we were public. There was a much greater co-operative base out there in the world in those days. So 
that is quite an interesting shift from my point of view as somebody who has come through major 
projects in both scenarios.
LM: Have you noticed a difference yourself in internal priorities through this process?
RC: Yes, there's no doubt that cost control is taken much more seriously in the private company 
situation, and it's been an interesting exercise because again having been through both scenarios, I can 
now see why some of the arguments against public ownership are put forward because there is perhaps 
a complacency in public organisations regarding overspending on projects on the fact that "Oh, well we 
didn't foresee that, but we'll carry on and spend the money." Where as now the emphasis is, "Well you 
didn't foresee that, so you're going to have to spend some more money, where are you going to save it 
elsewhere to get it back." which is you know, an interesting driver. Certainly quite a major impact on 
the current scheme is that we're always looking for ways of making parts of it more economical, to
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balance out areas, because there inevitably will be some unforeseen areas, where costs go up. There 
are very strong drivers to bringing the thing in on the original target or below.
LM: Was there, when you operated in a public capacity, was there a feeling that any savings which 
weren't made in that sense would be ploughed back into the utility, is that perhaps the reason for the 
complacency?
RC: I think that the, well I think the complacency was as individuals you were not bullied, for want of 
a better word, over the issue. There were procedures for dealing with overspends, they tended to just 
mean that the capital programme shifted back a couple of months so that the spending profile stayed on 
target but the project slipped slightly to accommodate the overspend, which suited the other 
complacency which was in terms of target times. There are different drivers now. And also if you take 
our current scheme, the urban waste water directive target of the end of 2000 is one of the hardest that's 
been set in terms of a very hard line being taken on non-achievement. The bathing water directive, 
because it was publicly funded, the government were very relaxed about not meeting targets and just 
continuously negotiating with the EC to delay them. But now that we're private companies, the 
government doesn't have any interest in negotiating for delays so they've become real.
LM: Okay thank you. If we move back to the issue of the various stakeholders and their co-operation. 
Is there a process by which the stakeholders you mentioned come together to make decisions, or is it on 
a piece by piece basis? Do you speak to someone one day and someone the next or is there some kind 
of meeting?
RC: I mean, there are in the very early stages of any project, there's been a lot of consultation with 
planners, and city council, borough council. To mainly, if you like, to get them on board with Southern 
Water's ideas, but there is certainly scope within that for discussing options and obtaining a few of the 
preferences. Having said that, the main driver for the fundamentals of the project that have come from 
Southern Water's interpretations of how to meet its obligations, and the planning issues may well rule 
out an option, because by the time you've costed the mitigation that is being looked for you decide that 
it's not the best option. And this is a case in point with Portsmouth where the project started on the 
basis of one local treatment works for the city of Portsmouth and the situation arose Üiat there's so little 
open space in Portsmouth, the only places that it could be put would have had to have been a totally 
enclosed more or less underground treatment facility which is a very expensive way of providing a 
treatment facility, obviously. And even going that far, there were still a number of significant 
environmental issues. We could treat the main flows, but there's no way we could do bioproduct 
treatment, of sludges and so on, on the available site. So we were then left with,"How do we handle 
that?" and we were talking of pumping it all the way from the Eastney area of Portsmouth up to Budds 
Farm anyway. Really, it was from the concept of pumping the sludge that people started to say well 
why just pump the sludge, why not pump the whole lot, and get out of this problem of the expensive 
underground sewage works. And that's how the project developed to what it now is, which is a transfer 
of flow from Portsmouth to Havant, enlargement of the existing Havant works and return of the 
effluent to Portsmouth so that it can still be discharged with long sea outfall.
LM: Presumably, besides the economic cost of putting a treatment works in Portsmouth which would 
perhaps be very expensive, there's also some degree of public acceptance because the plant at Budds 
Farm is already there, people know it's there, so to expand it.
RC: Yes, that's right. You've got the bad neighbour syndrome to deal with, the other thing was that 
because of the location we were faced with, the actual road access was not particularly good, so we 
were faced with enormous volumes of construction traffic using not very adequate roads, through 
housing areas so all these sort of issues had to be taken into account in the environmental studies, and 
they all contributed to the fact that this underground works was posing a lot of problems. The other 
thing is that certainly some water, I think water companies in general, tend to be conservative in terms 
of process, they like, if possible to gain from the conventional trusted, tried and tested process unless 
you're absolutely driven to modem compact technology. One of the problems with the underground 
works at Portsmouth was that it was going to be one of our largest secondary plants within Southern 
Water, and to commit one of our largest plants to the new compact process that we've got being trialled 
on an interim size, if you like, was a major concern. Although you have process guarantees from 
contractors nonetheless, at the end of the day. Southern Water's left holding the baby if it doesn't work. 
Southern Water faces the prosecutions and public ridicule if you like if they spend millions of pounds
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and don't achieve the result. So you can understand that high up in Southern Water there's a reluctance 
to commit to major things without good trialling. Having said that, we have a degree of compact 
treatment being processed on this site, in primary settlement, which is in fact Southern Water's own 
development, but because it has the protection of the downstream secondary treatment, if it doesn't 
quite achieve standards, there's an opportunity to rectify that, so it's less of a risk.
LM: Do economies of scale come into play in terms of wastewater treatment? Is it cheaper if you treat 
a larger volume of wastewater at one plant?
RC: Yes, I mean, to some extent you don't need any more men to run a 400,000 population treatment 
plant than a 200,000. So yes, there are economies of scale. The other driver on tiiis one was that the 
Havant plant was not life expired by any means, but it was elderly and was going to need some major 
spending within the next 10-15 years. It was also a labour intensive plant because it had a lot of 
different processes on the site. The other thing is that the outfall from the Budd's Farm plant discharges 
above low water mark over the mudflats in the harbour and that is no longer acceptable, so had the 
Budd's Farm plant remained as it was, extensive outfall works would have been required to try and 
meet the new discharge consents. There is also a lot of concern about Langstone Harbour as a major 
SSSI recreational area and so on about continuous discharge of sewage effluent into it, in terms of 
bacterial loads and so on. By doing this combined scheme it takes the effluent from Havant as well as 
Portsmouth, three and a half miles off shore into the Solent, so there's a benefit there, and compression 
of two schemes if you like into one, and the benefit of rebuilding the Havant plant completely into a 
more automated plant. So all those factors were weighed by Southern Water before making a decision. 
I mean, there is the expensive element of the scheme that weighed against this was the tunnel to link 
the two sides. Again we started looking at surface pipelines, but the environmental issues, 
contaminated land issues around the fringe of Langstone harbour eventually became such an issue, that 
while the capital cost of tunnelling was possibly higher, at face value, the risk was considered actually 
less in terms of Southern Water's long term commitment to managing contaminated sites and so on, 
because if you disturb a contaminated site you tend to end up with liabilities. These sites were all 
immediate post war or even possibly pre-war tipping that was done without modem controls and 
leachate drains and this sort of thing, so if you want to dig through it you then become the person who 
has to bring it up to date.
LM: You mentioned the process by which the decision to pump back to Budd's Farm was arrived at 
through environmental impact assessments, and I think you used that term, or something along those 
lines, were they the main vehicle for that kind of decision?
RC: They were a very strong driver, but they were also the engineering risk issues, in terms of the 
process, the construction of a huge underground structure in certainly not ideal soil conditions, and 
there was a cost comparison done. A whole life project cost. The only point is that within that whole 
life project costing there were areas of debate over whether the costings for the underground box were 
over cautious. So, there could have been an argument that the local treatment option would have been 
less expensive. And certainly as a capital project, it would be less expensive, but it wouldn't have 
sorted out the Budd's Farm issues, it would have left those to be sorted out later. So there's a 
combination of costing, environmental impacts, and Southern Water's long term strategy requirements 
all being considered and obviously, this is where it went to the very top level of Southern Water and 
Scottish Power, when they took over responsibility, to get top board-level approval of the fact that we 
were doing more than we were absolutely required to by legislation in this project by including the 
Havant plant at the same time.
LM: You've mentioned a couple of times there, the concept of risk. Is that something which is dealt 
with in an explicit way? You talk about probabilities and you map risk.
RC: We do carry out risk assessments. The risks associated with a project. We look at construction 
risk, both in terms of cost and programme, we look at operational risk for the finished scheme, and we 
look at risk in the sense, obviously, of safety of personnel both during construction and operation, so it 
gets looked at on those various remits. Obviously, the risk to personnel is covered really by the CDM 
regulations and the designers' assessments of risk. And these are formalised at the conceptual stage and 
then passed on to the detailed designer to develop. The financial risks, what we do is we look at the 
actual risk in terms of its magnitude, of putting it right and also the probability that we see of it 
happening, and you know, weighted.
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LM: How are those ratings or probabilities arrived at?
RC: They are normally arrived at through a risk workshop where you all sit around and shout and argue 
about what risk is and how big it is and quite often something that's flagged up as a major thing at the 
beginning may just have disappeared by the end of it because it's seen as something that,you know, "If 
we can't manage it, then we shouldn't be here." sort of thing so it actually gets whittled down. Or it's 
more likely it will be there still but with a very very flne minute probability or something. We don't, I 
don't have the expertise to analyse this data myself, but we use various risk assessment programmes 
within Southern Water now I believe, but we did use outside consultants on the early stages of this 
project.
LM: So you use software tools for that purpose.
RC: Yes.
LM: When you talk about operational risk presumably you look at the potential for the failure of the 
treatment process?
RC: Yes there's failure of the actual process to achieve the required standard, there's the risk of 
flooding which then causes the risk of that flooding causing extensive damage that might put a plant 
out for a long time as opposed to the risk of an exceptional weather situation causing, maybe, some 
flooding or some discharge of unconsented, untreated water as a result of that one event. But then as 
soon as the weather sorts itself out you're back onstream because you haven't actually damaged any 
capital equipment. One of the major problems obviously is, I mean, the Environment Agency through 
their consenting arrangements accept that in certain extreme weather conditions we will fail to achieve 
the standard, but what they won't accept is that you failed to achieve for three weeks because all the 
plant's fallen over, so design risk in that sense is very much aimed at insuring that you've got a failsafe 
option.
LM: Would Southern Water's remit cover the risk of what might happen, environmental impacts say, 
and try to put a value on that? Not necessarily a monetary value, or try and quantify that, or would you 
just be concerned with meeting the Environment Agency's consent and assuming that they've worked 
out that the consent is sufficient to protect the environment?
RC: Well, in essence, we're driven by the Environment Agency's requirements, but as designers, 
concerned people, which we actually are, though the public sometimes don't think so. If you can see a 
different way of doing something which reduces the risk at not a major cost to Southern Water, then 
conceivably we would try and build that in. The other tool we use for this is what we call our assistant 
design analysis where we go through the "what i f  scenarios of, "What happens if this bit of plant falls 
over?", "Where does the water go?", "Does it cause a pollution incident?", "Does it just get contained 
in storm tanks?", "Does it flood the treatment works site?", "Does it flood houses because the sewers 
are backing up?" So we look at the various impacts, and I suppose our priorities are, if you can't 
achieve ftill treatment then at least, try and get partial treatment for discharge. If you can't get partial 
treatment, try and discharge it in the least damaging location. If you really are up against it and you've 
perhaps got a short emergency overflow into the top of the harbour or somewhere like that, then that is 
still preferable to flooding houses. So, the last ditch is that everything fails to such an extent that the 
sewers back up and flood property, I mean, that should never happen, and we have a scheduling 
priority really depending on the severity of whether design to various return periods of storm, so 
something like 1 in 50 years we would design not to cause flooding and to maintain our basic treatment 
to handle flow into storm tanks, but then on something like a 1 in 50 year study you would expect to 
get discharges of screened storm water through outfalls, but it should still be screened. And if you 
have power failures, we would normally guard ourselves with either two high voltage supplies from 
separate switchings on the grid so that there is a very low probability of a power failure anyway or we 
would have standby generation which would run the central plant to achieve containment of the flows 
within the works.
LM: This analysis of "What if?" scenarios. Is that a formalised methodology which is used or would 
that again be some kind of brainstorming session?
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RC: There is a formalised approach but it is driven by a brainstorming session, yes.
LM: If I can move on to the next question. What are the key issues for reducing a city's impact on 
receiving waters and what are the appropriate pieces of UK and EC legislation?
RC: Well, I think you'll be consulting another on this one, but the issues are the nature of the receiving 
water. Is it an area of high natural dispersion offshore? Is it an estuary where you've got a cyclic 
movement which is not dispersing pollutants instantly? And obviously if you then get into 
watercourses you may have one-directional flow which is carrying the pollutant away but obviously 
much smaller volume in which to disperse it. The other issues obviously are the level of treatment we 
provide and this is an area of very active debate at the moment in this area. With regard to the Isle of 
Wight project where primary treatment is proposed and the people on the Isle of Wight are adamant 
that it should be secondary. Portsmouth obviously is secondary because of the scale of the loading, so 
you can look at polluting loads in terms of tons of pollutant per annum rather than what is the quality of 
what we're putting out in milligrams per litre. Because in terms of a receiving water that has to be a 
more fundamental factor. And this is a primary issue with respect to the discharge of storm water, of 
course, that if you treat your three dry weather flow through a plant to secondary level and discharge it 
you are, in a place like Portsmouth where you have very heavy rainfall pollution of the catchment, you 
are still treating something like 95% of the wastewater, because the high flow rates that are associated 
with storms are of very short duration compared to the 24 hours a day 365 days a year of the base flow. 
So in the case of this project we have the three dry weather flow fully treated discharge, we have from 
Portsmouth screened storm water being discharged through the long sea outfall as well, up to a certain 
level, and from the Havant catchment we have settled storm water which is then discharged to the top 
of the harbour and those are limited in duration and volume, so the tons of pollutant again is limited. 
And, again, from Portsmouth the extreme conditions having filled the storm tanks, we can get some 
pretty high rate of flow discharges out of the combined storm water overflow but again they are 
generally of very short duration. So the problem there is, if you have a very high flow rate you can 
have an instantaneous impact on the receiving water depending on volumetric changes. If the volume 
in the harbour is comp [arable to the flow then the more danger there is from that instantaneous impact. 
So the Budds Farm tanks should only overflow on a sort of, three times a bathing season frequency, 
whereas the long sea outfall is allowed to discharge storm water whenever it rains, virtually, but only 
up to a certain volume compared to the treated effluent.
LM: You mentioned there the Isle of Wight scheme which was actually referred to the other day by my 
supervisor, Nick Odd at HR, and the public basically demanded a high level of treatment. TTiat was 
interesting to me because it seemed to me they wanted a high level of treatment because they see that 
impacting directly on their own tourist industry, being an island. So do you, is there any regret within 
Southern Water tiiat they didn't anticipate that public opinion?
Or do you think that could have been done? Or is it completely...?
RC: I wouldn't like to comment on that. We had a comparable situation here, in that there have been 
demands for UV treatment for final effluent. There are those who can only see that if there's something 
that technology can achieve you should achieve it, but I think this has to be looked at in the light of all 
the other demands on the economy and also the energy penalty of the more treatment you give, the 
more C02 you're chucking into the atmosphere from the power stations to achieve it. You need to look 
at the environmental balance. Just to put my controversial hat on, I actually question whether a project 
like Portsmouth and Havant is ultimately environmentally friendly in the sense that it is consuming 
huge amounts of energy to achieve the standard of discharge which may be such that it wasn't strictly 
necessary from the point of view of the health of the receiving water, and it's a public perception 
requirement rather than a genuine ecological one.
LM: I was going to ask you about that. What kind of energy is consumed by the pumping operation in 
comparison to that consumed in the treatment?
RC: I think I'd better give you that answer in writing later, but you're talking, at the pumping station at 
Portsmouth, we're pumping in both directions installed capacity of 6 or 7 megawatts. Whereas the 
treatment plant up here will have an installed capacity of about 3. That sort of puts a perspective on it. 
Having said that, though, we're not using 7 megawatts continuously, it's much much lower than that on 
a dry day, average flow basis. Because all the pumping through pipelines, the higher the flow the 
higher the head as well, so you get your multiplication of electricity demand. We use variable speed
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pumps, so that when you've got low flows you get the benefit of low velocities through the pipe, low 
headlosses through the pipe and much lower power demand, so the base flow unit cost is obviously 
very much lower than the peak demand.
LM: Given the situation you've just described, would you welcome some kind of, I know it as life 
cycle analysis, whereby you look at all the environmental impacts and you would include energy 
consumption, because that might help to prioritise.
RC: Yes, I mean. Southern Water obviously look at life cycle analysis purely from the cost point of 
view that they've got to buy the energy to do this, and that is a major issue in a sort of net present value 
calculation or whatever calculation you use, whatever tool you use to model this. The thing you don't 
look at obviously, if you like, is the environmental balance. I think it's something that is beyond 
Southern Water's remit to carry this out.
LM: It perhaps involves the Environment Agency?
Yes, I think it's something that needs to be done at a sort of government level in terms of determining 
policy, because somebody needs to be saying well we've got emission standards to meet for C02, 
under the World Environmental Conference or whatever it was. How can we cut back using power, or 
how can we avoid increasing use of power? And one way of decreasing use of power is to say to water 
companies, "You should have a programme of reducing power consumption, not increasing it." And if 
the water companies say, "Well, how can we do that when we've got the Urban Wastewater Directive 
to achieve, then there should be a policy decision as to what the right, what is an acceptable unit per 
annum per head of population served if you like, as a guideline for a project. And you've got to, if you 
can't come up with a budget that meets that you've got to go back to the Environment Agency, DETR 
or whoever runs this thing and explain why you've got a particular problem. And the answer may be 
that well in that case, if the problem is that the plans insist you're pumping it ten miles, then you go 
back to the plans and say no, we are going to overrule your objection, because it should be treated 
locally where it doesn't consume this energy. Because this is what tends to happen, in this case we 
could have provided a treatment works with minimal pumping, with minimal use of energy for 
ventilation, odour control and anything else, but people would have objected because they don't want a 
process nearby. Even the works we've got, that used to be out in the wilds, and which houses have 
encroached on, we are now expected to cover them, ventilate them, odour control them, and this is all 
energy consumption arises from all these facets. So it's really a government/public deal really as to 
say, "What should we be spending energy on and is it right?"
LM: You'd agree that there's a role for a more holistic consideration of environmental impact?
RC: Yes, I think there is. I believe, I mean, was quoted in new Civil Engineer in 1990 I think it was 
when we pulled the original long sea outfall just before the Urban Waste Water Directive was issued in 
draft. I was actually quoted in the magazine as saying, "I could see no reason why the sewage from 
Portsmouth would ever need to be treated when it had an outfall discharging into that receiving water. 
Within a year I was working on the first drafts of a proposal to treat it. That, I still believe is a serious 
issue, that we're putting all this second treatment, particularly secondary treatment where you're using 
energy to aerate sewage and where you're pumping it long distances to achieve acceptable sites from 
the planning point of view. That, I think, really does warrant a global overview, if you like.
(Side 2)
RC: Yes, well, the point is that in terms of the impact on receiving waters, domestic sewage is not that 
serious an impact. What you should be looking at is preventing certain things getting into the sewage 
system. So industrial effluents, a lot of things that are still being allowed to be discharged into public 
sewers could have been taken out, which would have made the untreated sewage much less offensive 
anyway to the receiving water. The other trend I think we ought to be fighting is that domestic sewage 
is becoming more contaminated by chemicals because of the sales drives of people selling toilet 
cleaners and all the other things which people use to excess, and are encouraged to do so by advertising 
because people say their chemical is so wonderful. But then again, there's a wrong bias that too much 
goes down the toilet or down the kitchen sink that should be biodegradable, environmentally friendly 
products so that you're not discharging things into the environment that shouldn't be there. And just
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trying to treat it at the end when it's diluted with millions of gallons of flushing water and rainwater and 
all the other problems we have to deal with is completely...
LM: It's perhaps again something that should be dealt with at a policy level on a national basis. If I can 
move on to the next question. Where might you flnd out about tiie size, growth and the historical 
development of a city, and about its main activities. I'm thinking of sources of literature. You've 
obviously got a long experience in this area.
RC: Well, obviously the size of a city is well documented. In the case of Hampshire county, which is 
where I've done a lot of my work, for as long as I've been involved, Hampshire county have published 
very detailed population statistics based on the electoral boundaries and so they've always given me a 
very good, reliable base for information. The growth, again we refer to planning departments for their 
projected growth figures. They obviously only give them for a relatively short horizon, and we 
sometimes have to design beyond that, and in that case then you have to make judgements again in 
consultation with planners, as to whether they see a growth potential. In the case of Portsmouth there's 
not much growth potential because it's already the most densely populated city in Europe or something, 
so there's not a lot of to room to fit any more people in, and in fact, the population has been declining 
over the last 50 years. Historical development is very important particularly where you're looking at 
the nature of the main drainage, because all historically combined drainage is much more common than 
- it  is now. If you're looking at construction, obviously you want to avoid major archaeological finds 
after you've started construction and things like this. The road here is that we try to investigate public 
records, museums, there are services now provided where you can get a search done of an area where 
the search company will provide digital mapping of the maps of the various eras. So if you look at the 
very first Ordnance Survey map of an area, for example, and then compare it with the following, all the 
ones published since, you'll find there's lots of interesting things might be on there. There might be a 
gas works or a gravel pit, and if there's a gravel pit on the very early one and there's grass there now, 
you can be pretty sure it's been filled with some kind of rubbish, and this sort of deduction can come 
from these surveys. These people will also search public records for licences that exist for example, for 
discharge of contaminated waste, or if there's, for example, a nuclear waste tip site, I suppose would be 
the extreme, but they will flag these things up from DETR, MAFF and all these records so that it just 
sort of says to a developer, these companies are geared more to commercial developers than to 
ourselves, but we still use them to benefit. Just say to a developer, "Before you buy this site, you 
know, there's trouble here." So they're very useful. Obviously we search our own records, city council 
records for information. We still miss it sometimes. It's a very difficult thing to guarantee you've 
found everything, but that's how we would go about it. The main activities of the city are its industry, 
really. Holiday, obviously we take holiday populations into account and we would get information 
from the city council, tourist bureau, whatever else, to get the numbers of hotel beds there are in a city 
and this sort of thing, whether they're occupied just in the summer months, or whether it's an all year 
round thing, and project our peak summer loadings for treatment. And industry, as I say, really we 
issue the discharge consents to the traders for their trade effluent anyway, so we've got all the 
information to hand for that.
LM: Okay, thanks. What are the fundamental differences between coastal and inland cities? You've 
just mentioned that tourism might be a factor.
RC: I mean, the biggest fundamental difference is that a lot of coastal places because of a history of 
dumping sewage in the sea have a lot of diverse systems, perhaps down a separate valley systems or 
whatever, which discharge at a number of points, so one of the first jobs that has to be done, is 
intercepting sewers or, and if you have intercepting sewers, do you intercept everything including 
storm water or do you only intercept the flow you're going to take to treatment and have localised 
storm overflows or storm storage. Whereas I think most inland cities, and I've no experience of 
developing projects on inland cities at all, but I would anticipate that most inland cities, because of the 
limitations of discharging crude sewage into rivers, have been many years ahead of the coastal ones in 
terms of developing treatment strategies and they've tended to focus on one or maybe two treatment 
centres. Generally what is going on now with those is enhancing levels of treatment on existing 
treatment size. Whereas the coastal thing is very much start from scratch. The fact that the place 
where all the sewage arrives which is on the coast, is the very place where nobody wants a sewage 
works. You've got this conflict almost there as well, so I think that's the key differences.
LM: Is there much difference in terms of the availability of land?
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RC: Not necessarily. As I say, the main difference would be that a lot of inland cities have gone 
through this thing of looking for somewhere to treat sewage before the urbanisation, before the 
pressures on urban land were quite as great as they are. So they've often got land available, not always, 
and certainly in terms of cutting down on storm overflows and providing storm water storage, I know 
there's had to be some pretty innovative work done there, a lot of tunnelling works in inland cities as 
well as elsewhere. But the main problem as I say, with coastal cities, isn't, Pœtsmouth's probably an 
exception, there's a very drastic shortage of land, but all our sites along the Southern Water coastline 
we have major problems of land in locations close to where the sewage currently collects to be 
discharged. So we've got outfalls, many of them long sea outfalls put in to meet the Bathing Water 
directive, where we're happy to pick up the flow, divert it a number of miles away from that outfall 
then either build a new outfall or divert it back again as we are doing here.
LM: In order to meet Urban Waste Water Directive?
RC: To meet the Urban Waste Water Directive.
LM: Okay, thanks. We've touched upon this briefly a while ago. How does one deal with combined 
services as opposed to separate systems?
RC: Okay, well the big thing there obviously is you've absolutely got to get reasonably good computer 
models of them so you can understand the behaviour of them. You have to accept that ultimately 
weather can always do something worse than you've designed for, so you've got to have a failsafe 
scenario in terms of getting rid of the water that arrives. The peculiar situation with Portsmouth is that 
because the island is so flat and so close to sea level that there is no failsafe for failure of the pumping 
station, because the flow is too far below ground to overflow anywhere else. As a result of this 
Portsmouth, the Eastney pumping station of Portsmouth has a very large diesel driven pumping 
installation which is fairly unique so that it's not mains power dependant, and ultimately that can be 
discharged into the Langstone Harbour entrance regardless of tide or weather or anything else if that's 
the only thing to do. What is now happening is that that water is stored in tanks to mitigate the number 
of spills that occur and the Bathing Water Directive rather than the Urban Waste Water Directive limits 
the number of discharges of storm water you can make where that might cause a failure of the bathing 
water standard on an adjacent beach. So although there's a very good record of not polluting the 
adjacent beaches from die outfall at Langstone Harbour, we have nevertheless designed the current 
project to meet the three spills per bathing season statistical probability which is aimed at meeting the 
90 whatever the percentage is requirement for the bathing waters achieving the standard. So we 
assume that the long sea outfall achieves the bathing water standard about 100% of the time, and the 
failure rate that's permitted is taken up by the storm discharges. Although we don't, as I say, unless 
we're very unlucky with the combination of time of discharge, state of the tide and direction of wind we 
wouldn't actually expect a failure to occur, nevertheless the statistical probability is there, and so we are 
designing to guarantee that we don't fail the bathing water standard. So storage really is the only way 
you can cope with large flows in combined sewers because even if you could afford to create the 
treatment system, there is no way you could apply secondary treatment because you rely on bacteria for 
both and you could never grow bacteria as fast as storm water levels change so you've got to have a 
reasonably sensibly modulated flow through secondary treatment which is why you store it and return 
it. The limit on how much you store is governed really by the time it takes you to return it to treatment, 
because if it takes you too long it'll go septic in storage and become impossible to treat, have an odour 
problem as well as other things, and so you have to have what one might call a common-sense 
approach, and one of the other things we get asked by the public is, "Why can't we have bigger tanks 
and have no spills, or no spills except for a five-year storm?" And of course, in theory, you can, you 
just build bigger and bigger tanks but it then takes you forever to empty them, and the next storm will 
add to the effect of the last one and that sort of thing, so you do just get to a point where there has got 
to be a pragmatic decision and this is really where the Environment Agency have agreed the investment 
plans for the water companies based on the three scores of bathing water discharges and other criteria 
for different receiving waters, depending on the sensitivity and the amount of water sports contact, 
bathing contact and so on that goes on.
LM: Okay thanks. Next question. What are the main environmental impacts of urban drainage 
systems? How are these quantified? Are there guidelines available for their determination?
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RC: You really ought to be speaking to an environmental planner for this. The main impacts obviously 
are the discharges, which we've already discussed, construction, and that might be noise, dust, 
vibration, traffic, mud on roads, and general havoc and disruption that can occur to people with these 
things going on near their homes. These are quantified, well, basically by getting various consultants 
with specialists in the various fields, to look at them and assess current background levels of whatever 
factor it is they're looking at. Assess the change that's going to occur as a result of temporary during 
construction and permenant during operation, the impact that is going to have on people, wildlife. One 
of the major considerations on this project has actually been the vibrating berths in the harbour. When 
we carried out the site investigation for the tunnel we actually had to fit into tight windows of time 
when we could go into the Bramlington Marshes for example to sink boreholes, because we had to 
avoid breeding seasons, we had to avoid other seasons when migrating birds came and fed, so we didn't 
put them off because they might never come back. So you know, there's a lot of things you can do in 
mitigation in terms of very often timing, managing contractors by putting the constraints of really good 
planners into the contract document so you don't end up having arguments about contractors not 
wanting to do things - they'll still try it on but you provide this contractory binding on them then you've 
got a better chance of getting them to comply. Guidelines available for determination. I think this 
basically comes down to local planning departments and their requirements, the needs for 
environmental studies are laid down by the EC in terms of the nature of projects that require them. 
And I'm not familiar with all of those, but obviously a sewage treatment works is one of them.
LM: When you look at the impact of the continuous discharge from the outfall say on the receiving 
water, presumably the area is classified as a high natural dispersion area by Environment Agency?
RC: No. The Eastern Solent isn't. It's normal waters under the EC, because you've got normal waters, 
sensitive waters and areas of high natural dispersion, and I think that they've classified the Eastern 
Solent as normal. If you get to Southampton Water it's sensitive. Then if you get out of the Solent 
onto the south coast tiiey've tried to go for HNDA status and that's where there's a lot of argument 
going on still. And obviously outside the Isle of Wight it is HNDA which is why there's the argument 
about primary treatment at that scheme.
LM: So do you rely on the classification or would Southern Water carry out its own modelling 
procedures?
RC: Well Southern Water has been monitoring the Solent in particular in relation to the Eastney long 
sea outfall when it was built. The impact of that on the seabed population, the actual quality of the 
water itself, the bacterial quality of the water and so on. So that monitoring has gone on for years and 
the impact is then modelled through computer models of the area which you're obviously familiar with, 
and that is how the assessment is done. I mean. Southern Water has its own or had its own 
environmental specialists who are now part of the, have been outsourced to a seperate company, called 
Environmental Monitoring Unit or something, but yes, I mean it's basically a case of regular sampling, 
checking for deterioration over time and if we were going for a major new outfall somewhere then we 
would have to do a lot of background work on what is there now and try to model the impact using the 
hydrodynamic models with the various overlay models that we can use. One of the important things 
for somewhere like the Solent is the volumes of sediment movement that already occur naturally if you 
take the discharge of screened sewage that is currently taking place from the long sea outfall we 
estimated the, well, from ocean aquatic information given to us by Southampton University about the 
estimated change of water volume every tide, which is I don't know off the top of my head something 
like 10% of the total volume changes on each tide, but that represents a lot of millions of cubic metres 
of water still. If you then take the sediment load that is naturally carried in that and add in sediment 
load from the outfall, then you get something like a 1.5-2% increase which is obviously fairly 
negligible, purely as a solid sediment load. It's then the impact on oxygen due to the BOD in it and all 
the other things tiiat need to be looked at.
LM: How are the benefits of improved service measured or factored into an investment appraisal?
RC: I don't think I'm the right person to answer this to be honest. Because all the work I've been 
involved with has been essential to meet legislation apart from the planned replacement or early 
replacement of assets. I don't actually know exactly how Southern Water manage their asset 
replacement programme, or how they factor the relevant importance, so I can't really comment. I mean 
the tariffs you're talking here about, Ofwat and the K factor, yes I mean that is an issue which should be
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dealt with by those who are dealing with it. I just look at the problem and come up with an answer and 
it's either supported or it isn't depending on its appropriateness.
LM: Well we've already discussed the idea that things are weighted, and ther's a discussion, things are 
weighed up, and "What's the most important?"
RC: As I say I can't go into any more detail of the actual mechanism of that.
LM: Okay that's fine. This tenth question perhaps aims more at developing country cities, but if you 
don't feel...
RC: As far as we're concerned, it is an important question. And it comes back to my point about 
proving technology. If we can use something that has been demonstrated to work, then we will tend to 
have a preference for that, but obviously we are also conscious and certainly, you know as a designer, 
very conscious of the fact that if everybody adopted that attitude we'd never try anything new. So it's 
the scale on which we try things that's at issue here. With this new development of Southern Water's 
on ?? settlement for primary treatment that's been tested at a full scale unit at the Bognor Regis 
treatment site. So there was reasonable confidence in taking the next step which is to put a fairly major 
plant in here to give primary treatment to 240,000 population equivalent site. That's just the 
Portsmouth side of it. Tlie Havant side continues to go through it's existing primary tanks. So we do 
try to bring in innovation but on a carefully planned basis, not on a rash you know, this salesman took 
somebody out to lunch and it sounds a good idea so we'll build one. That has happened in the past - 
not quite as literally as that, and some of it has been successful, some of it hasn't. We do try to prove 
things on a sensible scale before we risk major projects.
LM: Is there any form of standardisation across Southern Water? If you find something's acceptable at 
one plant would it then be applied elsewhere?
RC: There's been a mix on that really, there's been endless attempts to standardise. The difficulty is 
that you've always got to sell a project partly to the people who're going to operate it and trying to get a 
unified opinion on a piece of plant and how it operates is very difficult. And one of the reasons is that 
sewage is not a ubiquitous product. Every catchment has it own quirks - screens are a classic case here. 
Screens that work perfectly satisfactorily at other places have failed completely in Portsmouth because 
of the loadings of screens that can arrive when you have a flash flood after a dry period and it sweeps 
all the rubbish out of the sewers that's settled over the dry period and you can end up with 3 or 4 
skipfuls of screenings all over the floor of the screen house in two hours whereas normally a skip lasts 
a week. There are limits to what you can design for and ultimately some of these sites will always be 
defeated at some stage by some conditions, whereas other sites are much more predictable. The site 
here at Budd's Farm the screens are not a problem. Again because of the gradients and the separate 
drainage and so on. So people's opinion of plant is flavoured by their experience of it and that 
experience will depend on the catchment it is in and the sewage it's received.
LM: So although it might seem to be process technology each case is unique really.
RC: Yes, you might find something like a screening dewatering plant works perfectly where there's not 
a lot of grease in the sewage. If you've got a chicken processing plant up the road it might grease up 
every few hours and might need a hot washing process added to it or something like that. So you can't 
apply blanket standards, but we are trying to cut down some of the wilder variations in the choice of 
plant.
LM: Okay thank you. We've already discussed this too. What happens when there are several 
solutions available?
RC: Well I think the point about any engineering problem is that there will always be more than one 
solution. The way we would approach a new problem, like, for example, the urban waste water 
directive treatment of sewage from Portsmouth, you start off with a very broad sheet, you say, well 
some might just have a small team working on it but at the and of the day you look at where the sewage 
is arriving now, is it economical to take it somewhere else, where could you take it, you look at a map 
and the first thing you do is just sort of stick a dot on it on every open site, perhaps and then go and 
visit them. You might, having narrowed it down from the sort of simple engineer's view from a
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passing car, you might then go to a planning consultant and say well there are six sites in Portsmouth 
that we've identified, go and have a look at them and give us a report on the planning implications on 
each of them. So you very rapidly narrow down, perhaps 40 options to ten. You then spend a little 
more time on those ten, just weighing up the major infrastructure issues associated with each of those 
and you might do some very broad brush costings at that stage. Some of them will write themselves 
out just on certain major practical issues, probably even then. At the end of the day I would expect to 
end up with a maximum of 3 serious options with some sub-options within those perhaps in terms of 
routes for pipelines or tunnels or whatever, options between tunnels and pipes or whatever, or maybe 
you've got three options for where you put your treatment plant but you might have a few extra options 
on whether you put tank sewers in the sewerage system or whether you do tanked storage at the bottom 
end - these sort of sub-options. What I would expect is that you would then start to do some feasibility 
study on those options which would say okay this is what is feasible; these are the broad brush running 
costs, these are the problem capital costs, plus another 25-30% on your capital cost estimates at this 
stage; have any of them written themselves out. Or by this time, you've probably got your planning 
consultant doing some more work; you're talking to the planners; you're talking to local interest 
groups; if it comes back to stakeholders I missed English Nature and all those sort of people which we 
ought to also flag up because we do consult with them very extensively. And you narrow your options 
down. At the end of the day you may well have perhaps, as we did here, two major runners: treat it 
locally, treat it somewhere else. And you get to the point where the project team cannot make a 
recommendation because of the broader issues which are out with their knowledge and experience and 
judgement. So that's the sort of thing - you narrow it down to two or a maximum of three fairly well- 
thought through options, where you've got plans showing probable routes of things, you've got, 
perhaps, a 1:500 block plan of the site where you'll have sketched on an underground treatment plant or 
a surface treatment plant, boundaries, some idea of elevations of structures for planning discussions 
and that sort of thing, just to that sort of level, and then your financial balance would then be looked at 
by an investment group within Southern Water and the planning issues would be taken into account, 
even if a much cheaper option was looking very unsatisfactory on the planning side you've then got a 
political decision: do we run for the cheap one, fight it and if we're turned down go back to Ofwat and 
say we weren't allowed to do the cheap one so want more money, or do you just say we don't want to 
get the backs up of all the locals at this point in time we will run with the more environmentally 
friendly option. And these are the sort of decisions that are only really taken at managing director 
level.
LM: I was just going to say, when you come to the point where you've got these two options amongst 
the planning team, there's not much between them, presumably you then just go to the board.
RC: Well, yes, as I say, you might hang your hat on one option as an engineering team and say we 
believe that the best engineering option is tiiis, but, you know, you've got to take into consideration this 
other option and it'll work its way up the company through various assessment groups obviously, until 
ultimately a major project like this will go to the Scottish Power board for approval, but hopefully we 
wouldn't be asking them to make the decision because they wouldn't think we weren't doing our job. 
So at some level in Southern Water the choice would be made to recommend something.
LM: At any point in that process where you decide on the preferable options, would you rank or apply 
any sort of weighting? Actually on paper?
RC: Yes, we do, that's where the risk assessment comes in. That's where we put the planning risk, 
construction risk and come up with charts of the, sometimes quite crude charts, where you just have a 
list of options down one side and a list of factors across the top, like construction risk, cost escalation 
risk, as a particular item maybe, then planning risk in terms of achieving planning consent, 
environmental impact, various headings and then just literally add the blobs on it, and they're either 
white cos it's good or they're black cos it's awful or a shade of grey if it's, you know, atleast that way if 
you look at the chart and there's a straight line of white blobs across then you say this option should be 
better than that one, is there any snag that this chart does not identify or do we go with that.
LM: Is there any process where, if within the group you're unagreed on the importance of one 
particular thing, is there any formal procedure you might use to agree on the importance of one 
particular issue or would that be through discussion?
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RC: I think we would just put it through lively debate, and in fact, you'll always get the point where the 
planning consultant will think that his issues are more important than engineering ones and we'll think 
that the engineering ones are more important, or the operations people will want their concerns to be 
dominant obviously, so at the end of the day it's a committee job.
LM: That kind of process is interesting to me because I see that if you can retain that discussion in 
some way you then retain some kind of transparency so that people can look at it and say, well at that 
point you decided that this was the most important.
RC: There is a lot of, we have value management workshops which is one of the areas where we debate 
these things, and they are effectively minuted discussions of a lot of these issues. So, yes, we have a 
number of processes. I have to say that to go back to a project and find a well defined audit trail from 
beginning to end of how you got there would be quite a challenge. But we do have an internal audit 
department who do do this and they'll usually find a loophole somewhere but they won't disagree with 
the decision but they may feel that there was somewhere along the line the trail goes a bit askew, shall 
we say.
LM: Do you find that audit trail helpful?
RC: I think it's helpful when someone comes along and says why are we doing it this way and you have 
to remember. Where you've got continuity of personnel it's less of a problem and in die case of this 
project I've given it a great deal of personal continuity. A lot of our schemes don't have that. People 
move on and then you do need an audit trail because someone says why are we doing this. You need to 
know why. One of the problems is that if you hit a major snag you've chosen your option, you're 
running with it, you've got so far down the line and you hit a major problem with implementing what 
was decided you need to ask yourself what was the original intention, because it may be that you're 
desperately trying to achieve a replacement for what was planned, whereas if you go back to the 
drawing board, you can say well actually, there's an alternative to doing that at all, now we've hit this 
snag we should go back to one of the alternatives and say should we be doing something different. So 
it's important from that point of view. It's a very common problem with design that you hit a problem. 
I mean, you might assume that you can, I mean for argument's sake you might decide you can build a 
bridge across somewhere - take it out of our normal field - but when you come to design it you've been 
over-optimistic about the strength of your material then there's two questions. One is, did you need a 
bridge? Well obviously to that problem you say yes, and the next one is did it really need to be that 
span? Or did you just think that would look nice? You've got to go back to your fundamentals and not 
just interpret what's been done once and try to make it work. You've got to say well if it doesn't work 
very well, what's the fundamental objective, because maybe there's a totally different answer that'll 
work a lot better. So that's an important cycle in projects, that you stop every so often and review. We 
have something called a concept control meeting which is introduced into projects every so often at key 
stages to say have we lost sight of the goalposts, are we actually delivering what the original brief for 
the project was or have we got so carried away with the engineering that we're actually engineering 
something for its own sake and we've lost sight of why.
LM: I see the role of the audit trail in that as quite important. You mention going back to the drawing 
board, if you go to something at the half-way stage. If that information was there then I see that would 
be helpful.
RC: As I say, it's even more important when there's a change of personnel on a job. Because one of the 
things that happens is that people look at the design and say oh that's difficult to build can't we simplify 
it, which is a perfectly valid question and something that should be asked all the time, but if the person 
who designed it is no longer around you may change something that is actually quite fundamental but 
you just don't think of that particular aspect of it. And when you build it and it doesn't work and you 
finally track him down he says well that isn't how I designed it. We can't see why you did that. Oh I 
did it because of so-and-so. We never thought of that. Or an example here, just recently, of an ?lateral 
box-section? where the contractor wanted to make it simpler to build by just having one flat base stand 
right through and he was saying why do we have to have this pipe coming in down here, we've looked 
at the, you know, where it's coming across the site and there's no reason why we can't bring it in at a 
higher level. And the actual designer, the detail designer, was saying I can't actually think of a reason 
why not at the moment. And I said well, the reason was that we did that to achieve mixing of these two 
flows before they go through there, and so we did. Right, so we'll keep it. But it could very easily
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have got lost. It's impossible to document every decision on every bit of a design obviously, but that's 
at a fairly trivial level. Obviously, on a major project level you could say why are we digging the 
tunnel this diameter and lose sight of the fact that you want it to be left with enough room in it to go 
back and do something later. And somebody just says, well these are the flows, we don't need 
something that big, we can dig it smaller. It is important that the major decisions are documented.
LM: OK, I think we've covered everything I'd like to. I'm very grateful. That was great.
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SH: Well firstly my background is that I am, as of last year, come out from running really the only 
strictly shelter NGO here for the last ten years. CRDC. Which is interesting, it actually has a board of 
directors which is all the professional institutions in the formal construction industry, although we've 
15 really only worked on informal housing for the last, forever, but they've been quite supportive and it's 
nice not to have a, not to be employed by your peers, which is usually the case in the NGO world. But 
in terms of sanitation, CRDC got involved by being asked to run a large for us, 440,000 US$ in 
Montego Bay, sort of peri-urban sanitation project. They were funding a squatter upgrading in 
Norwood and Rose Heights, two large squatter settlements.
20
LM: I've got this report from USAID.
SH: Yes, that's the one. I vaguely remember this report carefully doesn't mention the name of the 
project that we set up. The Sanitation Support Unit is well known in quite a bit of Jamaica, now, which 
25 is the unit we set up. But what was interesting was that it was highly collaborative in that it was 
government agencies doing land tenure and government agencies organising contractors to put in roads 
and water supply and we got, I think rather belatedly, handed the environmental problem, which is that 
it was karstic limestone and they couldn't afford to put in a sewer system. But friey were busy putting 
water into the area so they knew that the water would have to come out in some form, and they were 
30 worried, so we got the job of making certain that every... We, basically, did a bit of preliminary work 
and realised that you could do on-plot sanitation and we just got given the job to make certain that 
everybody had an acceptable sanitation solution, which curiously turned out to be water borne, even 
though it was in a karstic limestone area. All the engineers were very worried about it, but in fact we 
inspected every hole we dug and we found some kind of reasonable medium to do an absorption 
35 system in each. But it was a real process. We set up a little unit which was more like a sausage factory
in that it had 2300 lots to deal with. And, basically, we ended up dragging the public health inspector 
to agree that this was an acceptable solution and rubber stamp a piece of paper at the end of the 
process. We didn't take on the public health law but we did everything but, even to inducing the public 
health inspector to come on site, which is to pay them large mileage. So that was really our sort of 
40 introduction. We've actually kept the Sanitation Support Unit going without much work. Partly
because it was very credit dependant. There was a credit scheme worked in where basically we had an 
available £1000, 60,000 Jamaican a lot maximum, within which we could, so that we organised on 
behalf of the household, who were going to have that money attached to their mortgage for the land, 
water supply and stuff, so it was a small proportion of what they were going to have to pay. If they 
45 wanted to stay there they were going to have to pay, because they were squatting already, so the
government was basically selling them the land they were living on. But we've kept them on, partly 
because the rest of the CRDC organisation is wanting that there be some sort of process for sort of 
sanitation delivery in the rest of the island, and there isn't much else, we're kind of convinced that we 
now know that we can make sanitation credit work, I think that we regard that there is obviously a need 
50 for some grant and some credit, you know, 40-60,000 dollars is quite a lot even for people who can
afford sanitation to afford cash, but credit would definitely lubricate the process, which is what we 
found. So, I think what's useful to talk about would be the Sanitation Task Force, which I don't know 
whether you've run into at all yet. These are the members [see sheet]. We've recently brought the 
Planning Institute of Jamaica in because if we're going to do credit or something, we're going to need 
55 them to look at bulk funding for somebody. We'd actually run the credit before through Caribbean
Housing Finance Corporation, which is a government housing financing bank. We know how to work 
with them. Canada (keen Fund's on board, we've recently got the National Water Commission who are 
quite keen, they have various.. One of the things that we know and that the task force is working
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towards is doing a policy document for sanitation, partly because there are four ministries that you have 
60 a choice as to who is responsible for sanitation. There's no one home for sanitation.
LM: I'd got that impression, actually.
SH: So, we're partly getting everyone to sit down and in fact we had a retreat last week where we got, I 
65 think, agreement for funding for somebody to draft a national sanitation policy. Sanitation Institute of 
Jamaica is very small and new but Ian Gage, he teaches at a public health school in Kingston, Ian is one 
of the sort of top sanitation engineers here, but he's done this... Sanitation Institute of Jamaica and 
CRDC both have sanitation engineer peace corps which are useful. We've variously taken on the bits 
and pieces that we feel need to be done. Ian has taken on doing a sanitation manual. Just to sort of put 
70 down everything we know, how to do everything. I don't know quite how far it is.
LM: Might that be the NWC's job?
SH: Yes, but this is partly why we want to keep the Task Force active so that everybody talks and there 
75 isn't too much duplication. Because to begin with, in fact, it was the funders, it was the Environmental
Foundation of Jamaica, because CRDC, the Sanitation Institute and the UNDP Life Programme had all 
put in for funding from EFJ, and EFJ said come and sit around a table and let's talk about what you're 
doing, we'd like to see some more co-ordination. So actually, part of the retreat last week was to put in 
a joint proposal to EFJ. CRDC actually went to them simply looking for technical assistance funding, 
80 partly because we have something called the ACES project, for which I'm guilty, I wrote it. Advancing
Co-operation in Environmental Sanitation, which means what it says. We don't have implementation 
funds. If you are a small NGO and you have implementation funds all you do is focus on the 
implementation, and you don't do the other stuff which is the advocacy and the information work and 
the sort of, I call it, evangelical information work. You need to go and find the other stakeholders and 
85 get them involved and you know, your implementation is through others, because that's how you're
going to actually going to make a mark. Even if you do like we did with SSU, and bash yourself over 
the head and do a deal with 1700 lots or something like this, so what? There are 500,000 households in 
Jamaica. So, ACES is packaging training and packaging technical stuff and dealing with quite a few 
communities so that they learn as a project. Beginning to need technical assistance but at the same 
90 time at the sort of advocacy and policy level, we're looking for sources of credit. At the moment most
of the small grant funding things, grant fund requests from community's so that if you're well organised 
enough to be able to beg money from a funding agency, everybody gets a free toilet kind of thing, but 
it's not sustainable, it's not really replicable on an island wide basis. So I regard it as sort of, I would 
rather that grant funds be directed to people who really can't afford things, and that credit funds be 
95 available for those that can afford to pay back, you know. We'd like a rational system. Peace Corps is
very involved and one of their biggest focuses now is on public health education and environment. I 
think it's, we met to start looking at, of course we're horribly poorly organised at the moment, but we 
basically did an outline of a conceptual framework for sanitation. Because the EFJ, to fund part of it, 
needed to know, "Which bit are we funding?" And the idea is if we can get consultancy money we will 
100 try a do a full framework with a policy document within it and try and decide who it should end up 
with and convince government to do so, and we're quite happy to go and talk with the ministers. And I 
tliink, to give this government credit, they're in a mode where they do listen when people find the time 
to organise things for them. I mean, they know that they can't do everything themselves. They're quite 
open, and that's not always been the case, speaking from an NGO standpoint. So I think it would be 
105 worthwhile maybe talking to some others. Ian's the one, he's just moved, he's now in charge of an
lADB project on solid waste management. That's I think, as background, and worthwhile.
LM: Yes, sure, that's great. What I'm trying to do is ask the same questions of everybody to make it a 
little bit scientific. I'll explain. These guidelines are something that my firm's produced for the EC. At 
110 the moment they pertain to cover everything and they're really generic and they need fleshing out
really. What I've done is basically derive questions from these. It's very vague, if anyone were to try 
and use these guidelines in practice it wouldn't mean much so I'm asking practitioners to try and flesh 
them out and tell me, "That's too vague." or, "It needs to be more specific in that area." or, "That 
question's useless, whatever".
115
SH: People like Ian Gage would be much more, maybe Don Streatley's Water Commission would 
probably be able to give you much more specific answers than me. I will probably give you an awful 
lot of don't know's but I'm happy to give it a go. Sure, you can ask.
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120 LM: OK, don't worry, just give me feedback on the questions that you can. So, basically, that's where 
the questions derive from, and what I'd be grateful for is if you'd go through and if you do have an 
answer that you could perhaps give me examples for, within Jamaica that you've experienced, or 
whatever. These are really aimed at municipal water and wastewater services, so it's perhaps at a larger 
scale than that we're talking about just now, but if you could try and relate it to what you're familiar 
125 with then that would be fine. If we start with these institutional and management principles. In your
own experience, what kind of policy objectives and economic factors do you think it's important to 
consider in urban sanitation projects?
SH: In terms of policy, well, obviously from the past, sanitation has always been a public health issue. 
130 Uiat is changing. It sort of started changing verbally and now it's beginning to change in practice.
Partly because people have realised that the whole of Jamaica is a coastal zone, and you know, we're 
highly dependant on tourism. So this is why we keep talking about other stakeholders because fisheries 
and tourism and things actually have a large bottom line dependant on water quality. So even the 
funding agencies now take environment and sanitation seriously, and they're beginning to fund 
135 sanitation, not seeing it as a public health issue so much. I mean it's not strictly, it's not written policy,
but it's a policy issue. It's dual. In Sanitation Unit for instance, where we were, we were not conscious 
of which strategic objective of USAID's we were fulfilling, because we were partly there to deal with 
public health issues but we were there partly to stop people plumbing into sinkholes which were almost 
a short circuit to Montego Bay itself. They actually had an instance of putting dye into a sinkhole and 
140 two hours later it appeared in Montego Bay, so it had hit a river at the bottom of the sinkhole, which
came up in a jet at the middle of the bay. That's a major reef problem.
LM: How about economic factors?
145 SH: I don't think they are considered but there's beginning to be moves to consider them. To try and
look at morbidity. The concern I think we have is that there is now, in the last generation, there has 
been a disconnection between previous understanding that, you know, the sight of faeces on the ground 
links to child mortality and that type of thing. But in a way the health services have done a good 
enough job so that people don't feel there's a connection between disease and sanitation. But there are 
150 beginning to be moves to look at the cost of not doing proper sanitation. Certainly there are some... It
started as a move from the environmental point of view, in terms of reef pollution and that type of 
thing, but I think that there are moves to look at the cost of not doing sanitation.
155
LM: If we move onto the environmental aspect. Is that costed in terms of dollars as well?
SH: I believe there has been some work on it, I don't know quite where. We probably could run into it 
because that's certainly where it started but we've had typhoid here. We haven't yet had cholera. But 
there tends to be a kind of feeling that... We won't do a lot of work on sanitation until actually we're 
firefighting because, to be cynical, that's when international money is available. So actually finding 
160 recurrent money to do a proper job to prevent it is in some ways more expensive for a cash strapped
government than not doing anything until there's a crisis and then someone else will pay for it. I 
shouldn't be too cynical but tliere are elements of that around.
LM: The next question I've got which is slightly removed is, "Where do you find out about other 
165 projects in order to benefit from previous experience?"
SH: It's actually difficult to do and I think that's one of the... We wrote that in as an aim of the ACES 
project at CRDC, that we need to know what else is happening. And they've been contacting... 
UNESCO's active, PAHO's working, strangely not necessarily for government, PAHO's doing some 
170 implementation on it's own here, which is against their own internal rules. Looking at the government,
I guess Planning Institute of Jamaica would deal with all sorts of financial funding stuff, but otherwise 
it's true things like the Task Force can start building that up. Peace Corps has been involved in a lot of 
small stuff and nearly, I believe there is actually a Water and Sanitation Donor's Group, which doesn't 
meet very often but almost every foreign embassy in town has funded some water and sanitation 
175 initiative in the not too distant future so it's a lot of very uncoordinated effort. For instance, the Dutch,
who've been supporting large chunks of the Ministry of Health, have just announced that they're 
moving out of Jamaica.
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LM: Have they justified that?
SH: I think Jamaica's on the borderline of being developed and not developed, and whenever they sort 
of change the rules slightly in Europe, Jamaica suddenly becomes a developed country and all of a 
sudden we're not entitled. A lot of aid money, well at the moment aid money is going to Kosovo or 
Haiti, because they're obviously... Jamaica is a very funding dependant country.
LM: I guess, given the move towards further collaboration to demonstrate, you know, other projects, 
that what we discussed previously before we started recording, the idea of a knowledge base or a 
database of best practice would be helpfiil.
190 SH: Oh, I agree. I think that best practices stuff is a wonderful thing. I don't think it's ever really come
off the ground but we were trying to do a Caribbean housing network, and partly wanting to do, one of 
the functions of that should be a subjective screening of the sort of UN best practices for the Caribbean. 
One of the problems with best practices or certainly good practices is that there are far too many for 
anybody to get a handle on. What you want is somebody to say these are the top twenty best practices 
195 that we think are relevant to you. Because otherwise, if it's all sort of, alien stuff, nobody ever looks
into the CD.
LM: I personally like the idea of a group who are responsible for vetting them, basically, before they're 
submitted.
SH: Yes, you need to screen them so that you don't get too many. I mean it's like searching a database. 
If you get 80,000 hits, it's not of any use.
LM: We'll move on. If we look at inter-agency and intersectoral planning. Which municipal 
205 authorities are likely to be associated? Well, basically, the planning of sanitation and wastewater
management. I know the National Water Commission and...
SH: National Water Commission. Well, we have an odd situation at the moment in that the Parish 
Councils have been very weak since the 80's when a lot of things were centralised, although we have a 
210 Ministry of Local Government which took on a lot of the functions. In theory, the Parishes are still the 
people who are responsible for sanitation. In fact, they can write their own regulations under the law, 
but they're very weak. So we have a situation where everybody's trying to help. The Parishes haven't 
been able to manage. There is a Parish and there are various projects to strengthen Parish councils 
again and they're putting income back into them. So we hope that'll change. But, there are several 
215 different groups, fi*om the Ministry of Health has various components including Environmental Control
Division, National Resources Conservation Authority has been stepping in with various things. But we 
know of cases where more than one agency comes and samples the water to test for the same thing, 
because they've all taken on the same brief. We have a separate underground water authority, so there 
are quite a lot of actors in this thing which need co-ordination. That's partly why we're worried. As 
220 long as it gets done I don't mind but the duplication's starting to get a little out of hand. And there are
some big gaps to fall through.
LM: What kinds of co-operation would you recommend or consider adequate? You've just mentioned 
that there's lots of overlap and certainly gaps. What do you think's the ideal?
SH: I think if we can have a proper structure along with the policy so we know which agency is finally 
responsible, I don't really mind that there'd be collaboration to get things done, but you kind of need 
somewhere where the buck stops. I do hope that we can do a somewhat modernisation of the... There's 
still a tendency at the bottom level, for the Public Health Inspectorate to still be somewhat of an 
230 enforcement, of a police person. As opposed to an educator, although traditionally I think they've been 
part education and part enforcement. I think there's quite a move now and a possibility for community 
involvement. There are some signs of conununity involvement, certainly with things like solid waste 
management, but there have been some very interesting pilots on things like water supply. 
Communities getting very involved in setting up and running their own water supply. But otherwise, 
235 there are so many actors that you need there, I mean, the Ministry of Health and its various 
components, and a lot of Jamaica is beginning to get looked at from the environmental standpoint, so 
that aspect, and you can't educate everyone in everything, not really. They're actually now talking 
about, sort of, general wardens as opposed to environmental wardens. A lot of the acts tend to come
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with wardens because the police refuse to police the litter act, for instance, so you have litter wardens 
240 now. In which case you really want a generic local government warden system which is like local
government police that deal with all these sort of smaller acts, including some the public health, and 
pollution and sanitation and litter and those things. I think there may be some rationalisation coming 
along that line.
245 LM: I think the trouble in those cases is that there's perhaps a temptation just to put in another level of 
hierarchy that says, "OK, we'll oversee all of those bodies."
SH: Yes, well in fact, if it can be a function of local government I think the time is right although there 
are some problems with the execution of the local government reform programme here but, you know, 
250 if that can work then it's a function that, local government has been so dormant that if you wake it up
you might as well give it a, sort of, modem structure as opposed to a structure from the last century. So 
there are some possibilities along those lines.
LM: OK, thanks. We've covered the authorities that are involved. Who would you consider to be the 
255 stakeholders in a sanitation project? Primary, secondary?
SH: In sanitation projects, or sanitation?
LM: Let's say sanitation.
260
SH: Obviously the communities, the Parish Council have a sort of vested interest because they have the 
law to deal with, and then the Ministry of Health obviously has a vested interest, the environmental 
people have an interest, and they're beginning to discover that in fact unplanned settlements, of which 
we have rather a lot, something like a quarter of the population is in unplanned settlements, they're 
265 finding more and more that unplanned settlements near rivers and gullies tend to be what gives you a
major pollution load after rain occurs. So the environmental stuff. So then, well, we're hoping to get 
people like the tourism interested, because they're the ones who, if we have a case of typhoid in a 
tourist, we're dead. There are some very panicky figures out there which are kept very hush hush. But 
I think the trouble is it's partly chicken and egg. You don't want to publicise so that you can get 
270 government to help you to do something because if you publicise it then it stops tourists coming. So
they tend to kind of, half of them just want to keep quiet, the other half are sensible enough to want to 
do something although it's kept quiet. We're trying to encourage that sector. I guess fisheries to some 
extent, agriculture certainly is one of the major polluters. One of the big problems is that people like 
the National Resources Conservation Authority, the environmental agency, has to come under a 
275 ministry, and at the moment it comes under the Ministry of Housing and the Environment, and it tends 
to one of the major contributors. I mean, it used to come under the Ministry of Agriculture, because 
they're one of the major contributors. So the NRCA has a problem in enforcing. It almost needs to 
take, what, 70% of our sewage treatment works are giving unacceptable effluents, and have been doing 
for decades. But the NRCA can't take them to court. It can't take the National Water Commission to 
280 court easily. So it's very tied. And that reflects in terms of people's attitude. I mean, public health
inspectors refuse to take small people to court for pollution if they can't take the main polluters in the 
island to court. Why should they take the iittie man and punish him? So, it becomes a sort of 
pervasive attitude of, "Non-compliance is OK."
285 LM: We were discussing the stakeholders. One question that sprung to mind was, are there any
environmental lobby groups that have sprung up from the public?
SH: We're hoping that they might get involved. I'm actually on the board of the National 
Environmental Societies Trust, which is the environmental NGO umbrella group. And we have 37 
290 members or something like this. But there's basically one environmental NGO in each parish, and there
are 13, 14 parishes. And then there are quite a lot of other groups. They tend to be community or very 
often, interestingly. Chamber of Commerce based. So, it's good. It's groundswell stuff. It's not a 
middle class entity. We're hoping we can get them involved. They tend to still not be sanitation 
oriented. They tend to stick to sanitation separated from environment. From my NGO standpoint, my 
295 view is what you need to do is to give them the tools to do something about it. You know, package a
sort of sanitation intervention thing. How to work with communities to do something about sanitation. 
And of course, we really need to know that there is sort of money for implementation because that can 
be very frustrating. You work with a community and then they say, "Well, we don't have any resources
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to start with." You can't really wait on people to save, even if you've got them... Sanitation is largely a 
300 priority thing. The squatter settlements that we've worked in, I mean, they'll have a satellite dish on the
roof and a Toyota in the car port but no bathroom at all, you know, it's a priority question. They just 
don't regard it as a big need. And you've got what they call the helicopter method. Shit in a plastic bag 
and throw it into the neighbouring lot. Weird. Yes, it's that whole education side of things.
305 LM: We've already discussed community involvement in the process, do you see any scope for the 
private sector to get involved in managing sanitation?
SH: Control of things like sewage works and that type of thing because there are some moves. Coastal 
Water Improvement Project, don't know if you've run into them? They're doing some interesting stuff 
310 in Negril. I think they probably would. We've failed at doing some stuff, and one of the things that we
were trying to organise was sludge stabilisation, of which there isn't any in Jamaica. The cesspool 
emptiers tend to just dump cesspool contents into a sewage treatment works which doesn't really help. 
In fact it almost stops the sewage treatment works sometimes. We were looking at setting up 
stabilisation ponds and then dewatering, and looking for private sector buyout. Because they were very 
315 interested. The hotels, for instance, a lot of the hotels are looking for Green Globe certification and
that standards thing, and they don't know where the contents of their septic tanks are going. Because, 
well, we know that the trucks from Kingston will go to Portland, empty septic tanks in hotels, but when 
they drive back to Kingston they're empty. And there's nowhere to dump it in Portland, so it's gone 
somewhere. I mean, hopefully in a banana field rather than in a river or a shoreline. But we're very 
320 worried that there isn't anywhere official that you can have a ticket and you have a delivery and you
don't get paid and... I mean, there are lots of systems worldwide for controlling waste and toxic waste. 
We were trying to do that, but there was a lot of interest from the hotels, who said, "Yes, we'll buy into 
it, we're happy to help run it." And six such areas with a tank and a dewatering thing would do for the 
island, if you put them on the border between two parishes, properly site them. I think it's something 
325 that we need to organise at some point, but we're hoping that we might be able to get them involved at a
sort of local level. The one I'm wanting to do some work on is simply, we have some sort of stand 
alone hotels on the north coast which have attached squatter settlements. People who work in the 
hotels or live from the hotel who don't have very good sanitation. What I would like to do is put 
together the local environmental NGO with the tools and the hotel as the funding source and the 
330 community, communities very often will form a sanitation committee for you, because they are the
people that are worried about it, and try and put these three together and to say "Alright, well, it will 
help the hotels bottom line to know that sanitation happens in the community behind the hotel." I think 
there are some possibilities for that type of thing. Hotels sometimes get really cash starved, so when I 
talked to them recently they were keen to help but they didn't want to put any money into it at the 
335 moment. But they understand the problem.
LM: OK, thanks. The next one I've got is, "For peri-urban areas, how can informal systems come 
within the remit of municipal authorities?" I'm thinking about, I don't know if it's happened, but a case 
where informal systems of sanitation have been set up. Can they be pulled within the remit or control 
340 or revenue collected and they're maintained by the local authority. Does that occur?
SH: In terms of sewage treatment or collection?
345
LM: I'm thinking of sewerage really.
SH: Generally I don't know of any sewerage stuff that's been set up outside of the formal sector. Partly 
because it's, you know, you have to dig up the roads and put in pipes and that kind of thing. We did 
contemplate the need for, for instance, some condiminial sewerage systems, or condiminial septic tank 
systems when we were looking at very rocky sites with no place for soakaways, that type of thing. We 
350 didn't actually have to build any. '^ ic h  is in a way sad. It would have been nice to have that
experience here. The Brazil experience of you know, shallow sewer systems and small bore sewers 
and stuff. We don't have a working example to learn from here, but we know that there are some. We 
tend to have on-plot treatment even on quite small plots. It's probably not very good for our 
groundwater. On the other hand, historically if you have 70% of your sewage treatment works not 
355 functioning then all you're doing is collecting the problem and discharging it in one place as opposed to
discharging it all over the place and I think, you know, our philosophy is kind of if your septic tank is 
full then you're more likely to deal with it if it's right by your house where as if you're simply flushing 
it downstream and not worrying about it then Kingston Harbour is full of sewage. Nobody's really
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worried because it's not in their yard. It would be nice if sewage treatment works worked. In which 
360 case I would definitely be keen to hook everybody up, but in the interim I'm not sure...
LM: How far are they from working? Is it a matter of upgrading?
SH: It's a management problem more than anything. It's a management and it's also a financing 
365 problem in that they never really charge much for sewerage. There's no real charge to hook up for 
sewerage. We'll do a townhouse complex and the cost to hook up to the sewer is the cost to hook up to 
the sewer. They're not making us pay for the sewage part, which they should. So, if you're near a 
sewer it's very cheap for a group of houses to connect, when they don't contribute. And they tended to 
use mechanical plant. We had a long debate in Montego Bay when they were building a new sewage
370 works there recently as to whether to have a mechanical plant or lagoon sewerage. But we've had some
better experience with lagoon sewerage here than mechanical plants because they don't have any power 
need and they tend to be, but they took a lot of land area. If you go to Montego Bay they have a huge 
plant, as far as the eye can see, it's a big volume. On the other hand, it's much more likely to work in 
the long term, even given bad management and maintenance. That was the problem. The difficulty. I 
375 mean, the argument by the mechanical engineers was it's perfectly viable to do a package, you know, a 
mechanical system and it'll take much less land. On the other hand, nobody could point to a well 
managed plant that they would emulate to run it. To manage it and maintain it and stuff. So they lost 
the argument on that score. And lagoon sewerage, in 40 years, if they really need the land or 
something, they can dig up the ponds, they're only plastic liners, and they can recycle the land and put 
380 in a package plant. It's not gone for ever.
LM: What systems are necessary to monitor the social, environmental and economic impacts of a 
project?
385 SH: It's very difficult to monitor sort of environmental impact and that kind of stuff. I mean. Sanitation 
Support Unit, for instance, we did not do a baseline. We started off thinking we could do a kind of 
health baseline, you know, gastro-entirisis and stuff. But the figures are not collected in the form that 
could do a project area baseline. In fact, what we did do and did very successfully was look at the 
secondary indicators, so we had the amount of garbage that could collect water that could breed 
390 mosquitoes in the yard, and the number of people that actually had acceptable toilets and hand washing
facilities and all of those quite well documented secondary indicators, and there were lots of changes in 
those, but in terms of the environment, it's very very difficult to quantify the reduction in nitrate and 
phosphate that's going to hit the beach, which is really what one is worrying about.
395 LM: I guess it would be quite elaborate monitoring.
SH: Yes, it would be elaborate stuff, and to some extent, you know, we had a hillside with 2000 lots on 
it. The only way you can really stop nitrates and phosphates getting to a beach is either to have a sewer 
or not to have any people on the hill. Sooner or later, a lot of those nutrients will get there, even if 
400 they've been in a pit. You get some reduction from soil bacteria and that type of thing, but it doesn't all
go away. I live on a limestone hillside and I've seen the figures for the nitrate content of the borehole at 
the base of the hill, and it's been rising ever since there have been people living on the hill. Obviously 
there are more and more people living on the hill.
405 LM: I'll move onto the social principles. How do you maximise the range of beneficiaries? Or do you 
just go for complete coverage?
SH: Well, one thing is, unless you have sort of 70 or 80% coverage of sanitation, it doesn't have any 
impact. So you do need very frill coverage. I think from the environmental point of view, as well, I 
410 mean we were on a hillside where we had quite a proportion, I forget the percentage, but quite a 
proportion of people who already had flush toilets plumbed into sinkholes, for instance. Now, unless 
you're going to get those guys to move and put in an absorption system you're not really going to make 
much difference, you've still got fresh faeces in your ground water. This is groundwater going through 
a cavern, this is not in a soil. So, yes, you do need very heavy coverage. What we found in terms of 
415 community is that the community bought into the project very well. Most of the project activities were
done through animators, so it was all secondary. Community animators ran all the activities in terms of 
education and monitoring and that kind of thing. And there was distinct peer pressure. You know, 
90% of one of the communities had no toilets whatsoever and in another I think 84% had unacceptable.
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when we started. So once you've actually got people to spend money on the pit and putting in a toilet, 
420 and their neighbours don't, they start putting pressure on the neighbour who is still flinging plastic bags
over the fence. And this is also when you have rising density. All of a sudden there are less empty lots 
to throw things into, and it all gets a little more unacceptable. And there was distinct peer pressure on 
the people who hadn't come into the project yet to do so, and there was beginning to be peer pressure 
because of public education, the work that we were doing, on the sinkhole users who were sort of not 
425 willing to... As far as they were concerned they had a bottomless pit, they had the perfect solution. And
in fact, when we went up there, that is why everybody was hiring a compressor, to search for the 
sinkhole. That was what they were trying to find when we got there. We had to turn that around 
completely to get people to be carefully not looking for the sinkhole with a compressor. We still had to 
use a compressor to dig the holes and everything. It was quite hard, marly soil.
430
LM: I was quite interested in the term community animator. I'd not heard that before. Is that a member 
of the community?
SH: Well, we used the kind of housewives, the shopkeepers, what we call the village lawyer, the people 
435 who are just interested type of people. We use the taxi drivers, particularly, because there are route
taxis than run up through the community. To educate them we got them into groups, and actually had 
to separate the men and the women sometimes because they had different views and different needs for 
education. But basically, we kind of appointed them officially, you know, we gave them t-shirts and 
stuff, but we got them on board in terms of the project to do a lot of the educational work and the 
440 arrangements for sanitation stuff. You know, we ran poster competitions in schools and that type of
thing. We were the part... Given that the government had various agencies doing work, tearing up the 
road, moving people's houses and things, and they were just not communicating with the public. Our 
NGO had wonderful communication with the public and of course then got asked all the questions 
about mortgages and the housing and the road, because we were the only people there. In fact, one of 
445 the project objectives was to be defensive, I noticed. I was worried, because they meant it. They had
to try and do their job well and not do everyone else's job, which they weren't doing well. But yes, 
community animators is quite well known here as a thing, but it's also what you leave behind, because 
the project is pretty much all down to those areas, although in fact we're staying in touch with them but 
after a while, when you've actually been through the area and built the toilets and things, I mean, we 
450 didn't actually finish building people's bathrooms, in fact the loan wasn't enough very often to do more
than dig the pit, put in the slab, and provide a few, a low flush toilet, we brokered some of those. And 
some pipe. But there wasn't enough to do the construction. So we were actually monitoring to see, 
once people had invested so far, how fast they completed their things, because that was a left over 
figure for our performance as well. We'd dealt with them but we couldn't sign off on them and it's one 
455 of the sustainability things is that if you do it through the community then when you leave it's not such
a problem of this great vacuum where the project people have moved.
LM: Do you have a principle of going back to a project anyway, after a year, after five years?
460 SH: Not particularly, but in terms of the Sanitation Support Unit because they're still in the same
offices, we've actually got an office in between the two communities so they're actually in touch and 
they do go back. Wc'rc supporting them, without funding, but one of the things they're doing is 
keeping in touch with people and dealing with the left over problems and the animators.
465 LM: The next question I've got is, "How do you go about taking account of local knowledge, cultural
values and indigenous practices?" Is that something you have a process through which you discover 
them or would you consider that because you're within that community to an extent, you're aware of 
those things.
470 SH: I think one of the things was that, for instance, when we did Sanitation Unit is that we had an
agenda, we knew what we needed. On the other hand, when we went into the community we had to 
deal with the community's priorities. For instance, the community's priority where we were was not 
sanitation, it was solid waste management. Nobody was collecting garbage. So we sort of helped them 
organise garbage collection to a central point then helped organise parish council to pick up at regular 
475 intervals so it's partly a community development tool is that you deal with the community's priorities,
take them on board, and meanwhile you get to expose your own agenda, as it were, to do it. So in fact 
we worked on all sorts of things that we didn't, that weren't our absolute priority. But there were 
various issues, we've actually ended up after the project working on a greywater project because they
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had these rather small pits and it's not great soakaway, everybody was sensible enough to put the rest of 
480 the wastewater not in the absorption pit which meant that, and it's hard limestone, particularly at the
surface it's very hard, so that your washing water ponds in your neighbour's yard, so there were a lot 
of... We had the contractors down our neck who were trying to build the roads because they had all 
these soft spots that wouldn't dry up because people were leaking greywater into them. So we then did 
a greywater project which we're just finishing to look at ways at disposing, the health aspects of 
485 greywater as well. Trying to treat it as a resource rather than a problem but sometimes... I don't think
there are really any very structured ways except that it was a sort of maxim of ours in terms of 
community development. That one deals with the community in order to become part of the 
community, or whatever. But I don't think there was particularly...
490 LM: No formal process, then.
SH: No. I kind of regarded that as pretty formal in a way.
LM: But you were involved to a large extent where as a large organisation might not be.
495
SH: Yes, I mean, the Ministry certainly didn't do anything like that. But I think that is something that 
would be interesting to translate into a formal process. We have this rather megalomaniac Social 
Development Commission in Jamaica. Which is the sort of government social arm which has been a 
very political thing in the past. It seems to be trying to turn into a political thing again. And they are 
500 the ones that have community workers and that type of thing. And it's the sort of thing that if you
actually had it as a book of rules of how to do things it would be quite useful. To almost impose on the 
SDC. Because we're a little scared of the SDC. They are, for instance, designating community 
organisations. They've designated 742 in Jamaica, which is a worrying thing because there are a lot 
more than that. And people don't necessarily want to register with the SDC because it's known as a 
505 very political and partisan organisation. But if SDC designates them they're likely to give the list to the
Jamaica Social Investment Fund and other donors and things and say, '"These are the legitimate NGO's 
that you may fund." Therefore everyone else is going to get starved out unless they come in and sign 
up and register with the government. And people are not very happy to register their citizens 
organisations with the government, thank you. A lot of places, even in Portmore, which is huge, due to 
510 be a municipality, SDC is starting to sideline the main citizens organisation, because it set up its own, 
we're going to run this thing.
515
520
LM: What specific actions might be used to ensure full participation by the community? We've got the 
example of discussion groups and councils. Are those the kind of things you might use?
SH: Yes. SSU started all sorts of things like spot meetings, you know, meetings at a standpipe where 
people collect water. Bumper stickers and flyers were handed out by the taxi drivers that were very 
often our animators. A lot of community participation tools were developed up there, but a lot of it was 
in meetings.
LM: In those kinds of things how are minority groups best involved? Also how are women best
invr»1\ff>rl9
SH: Sometimes needing segregation. Sometimes needed women to meet separately from the men, to 
525 talk about their role and their problems, that type of thing. The schools we involved separately.
Otherwise sanitation tends to involve people of all ages quite happily.
LM: I remember an interesting case where... Peer pressure's often thought to make people back down 
on something where as there was an interesting case where at a meeting, individually people had said 
530 they weren't very interested. But then once they were all together and realised that a lot of people were,
hands slowly rose and 80% were, where as individually only 50%. It's the opposite way than you often 
tend to imagine it. I'll move onto economic and financial principles. How do you determine current 
and potential economic returns related to a project? Is that a concern of yours?
535 SH: We were lucky with the SSU in that, basically, there was funding available. It was loan funding,
in that people were going to have to pay it back, but we didn't have to collect it. And that's a major 
problem, anybody trying to collect from people who, basically, are not credit worthy. On the other 
hand I think government has an enormous possibility especially when they're dealing with land tenure.
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Because title is the biggest carrot. I mean, people would sell their children to get the title of their land.
540 It's like, a serious thing. So I reckon they should not have a problem collecting if they do it properly. 
The trouble is, historically the government has not collected, you know, as soon as it's a government 
loan everybody regards it as free money so that they have a lot of getting over things in terms of 
collection. The government has set up the Caribbean Housing and Finance Corporation, which is a 
government owned company, simply to give it the government mortgage portfolio which it could
545 never... When I came back from England it 1982, the government green paper admitted to an 86% 
default rate on government mortgages, I remember it stood out. Because, you know, housing allocation 
was political. "I'm an MP. You supported me. I'm going to allocate you a house." "Why should I pay 
the mortgage? You're not going to evict me. I'm your supporter." So you know, once you have that 
partisan stuff, collection is a joke.
550
555
580
590
595
LM: In a case where you had done the funding. How would you conduct an economic analysis? Is 
there a standard methodology?
SH: For potential for a sanitation project?
LM: Do you look at willingness to pay and demand before you go and look at the costing?
SH: I can't say I've ever. I can't say I know anyone who's ever done it. Because I'm not sure... One of 
the problems in looking at various possibilities is whether or not there is credit, because generally you'll 
560 come out very quickly with a "No." if you don't have any form of financing. Not to say it has to be 
granted, but if you don't have any form of financing, it always looks very bleak. So, I don't even know 
what methodology one would use. There are various things. The National Housing Trust, for instance, 
collects from a lot of people. Half a million people in Jamaica are contributors and we've spoken to 
them about doing sanitation because an awful lot of people are paying into the housing trust. 500,000 
565 people are contributors but only 50,000 people benefit. It's about a ten to one ratio. They feel guilty 
about it because it tends to be the poorer people who can't afford a whole solution who are the ones 
who never get anything. They have a golden rule. One of their golden rules is that they never lend 
twice to anyone. They never give out a grant twice because of the numbers. On the other hand, we 
have spoken to them about providing a sanitation mortgage, in effect a loan. The trouble is that if you 
570 have that golden rule it means that if you've taken a loan, a parcel, it means you can never go back for 
anything else ever again. So, their advice was "Don't take a loan just for a bathroom, when you have a 
scheme where you can borrow $150,000 and you could put on a bedroom as well." Because then at 
least it would be worthwhile. They'd have used up their one chance. So, there are these sort of, almost 
logistical problems involved. But there are possibilities.
575
LM: OK, thanks. Are there methods you would use to assess demand for sanitation? You've said in 
some cases it's a matter of educating people.
SH: I think it's, yes, very often there is very little demand to make it happen.
LM: What incentives might be used to encourage efficient water use? Is that a concern because I've 
spoken to various people, and quantity does seem to be a problem.
SH: It's becoming a problem. Certainly metering, and NWC is spending some money on that. I don't 
585 know why but they had a phase, they got some funding and they put in a lot of supplies without meters. 
Flat rate supplies which people abuse, and they're now trying to go back to meter all those people. But 
Jamaica has always had billing for water. I mean, coming from Britain...
LM: It's something they're trying desperately to put in at the moment.
SH: I know, but everybody knows that water will cost twice as much without using a drop more if 
you're going to meter it because the cost of...
LM: The mentality's lacking in Britain.
SH: Yes, the cost of metering and connecting. The money is as much as the cost of supplying water. 
We know that, so in terms of social good, it doesn't really help to meter it just makes it slightly more 
equitable. And Jamaica has large what they call red areas. Where you can't collect, but you can't cut
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them off for political reasons. So big chunks of Kingston have big pipes running into them but nobody
600 pays any water bills within that area. Or light bills. Or any other bills. Because anybody who tries to
collect will be shot anyway. So there are some problems that way. Efficiency? Certainly, people had 
no problem buying into low flush toilets when we did our thing, because we were going to be doing 
these rather small absorption pits in not very good ground, and people understood. So we didn't have a 
problem looking at that type of stuff. But laundry and that kind of stuff. Once there's a standpipe that 
605 you can turn on permanently, you leave it on and then when you need water you shove your bucket
under it. Culturally, it's not a... People like wasting it.
LM: Do you have a methodology for looking at the risk involved in undertaking a specific project?
610 SH: Risk in terms of what?
LM: In terms of success. In terms of financial risk. In terms of breakdown.
SH: No, not really. We probably should.
LM: Is it something which is largely subjective and down to the individual designer?
615
SH: I guess so. Normally we'd look at some sort of SWAT analysis for a project. But risks here tend 
to be things like political volatility, sometimes the safety of one's employees. It's very often more like 
620 a conceptual time frame rather than anything else. You know, if you're doing a survey you can't do a 
survey within six months of an election, for instance, because everybody clams up. There are some 
well known rules to this thing.
625
630
LM: How about in terms of public health? Do you try and quantify risks?
SH: Risks and benefits. One well might. I mean, we did surveys where we were in terms of, partly for 
sort of baseline data, so we counted the amount of litter in the yards, but we also did a full survey on 
whether people had toilets at all. So we did try and do a... We wanted to try and show that the project 
had a benefit. So that was risk in a way, but not really a methodology.
LM: Looking at environmental principles, how do you conduct an environmental assessment? Again, 
is there a methodology for that? How could sanitation be more closely linked to environmental 
quality?
635 SH: We tend to do some kind of environmental assessment, like our ACES project for instance. We 
have an environmental officer as well as we have US Peace Corps Sanitation Force, the staff member 
environmental person. We did some work on, sort of, roughly how many sinkholes were being used 
and that type of thing. We had some idea of the sort of volume of sewage hitting the sea. And surface 
water run-off and that type of thing. But not a great deal in terms of impact.
640
655
LM: Is there any kind of, maybe not in your case but elsewhere, is there any kind of modelling of water
quality that you're aware of?
SH: Well, CWWA is doing quite a bit of stuff, but they're going to the extent of getting communities 
645 trained and interested in sampling water and sending it to a lab and interpreting the results. They're
basically trying to hand over power to the communities. There are various other things. I mean, there's 
a project here in USAID which is doing environmental audits. They're basically auditing hotels but 
they're also training environmentalists. NRCA has declared the entire island as an area where you have 
to apply to do any development. A little hopeful plan, but it means that in theory there's environmental 
650 impact assessment everywhere. But most people have never heard of it. So, it's difficult to clear the
entire island but in some ways you should, because it's all coastal zone and it's all pretty sensitive.
LM: OK, thank you. Are there any particular environmental monitoring indicators you think are most 
important? Either in terms of water quality or, I guess, drinking water quality as well.
SH: I don't know. Probably the standard stuff, coli. Nothing special.
LM: I think we've covered most of the other questions in our discussions really.
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675
680
660 SH: We had some interesting cases where we had this double vault pit. VIDP latrine technology. It's
kind of new, in fact. Peace Corps tend to promote it a lot, because it's seen as a relevant technology. I 
think it s relevant if you have a sort of inner city yard with no water supply and no space for any 
absorption. But there's a tendency to typecast NGO's and things and VIDP's. But trying not to be 
typecast, we are trying to do the work on sort of analysing how well they work, or at least do the 
665 research, and to look at them for how you empty them. But actually an enormous number of them are
coming up for needing emptying, and the community don't know anything about it. I mean, this is not 
normal. I mean, what made me think of it is in some areas, for instance, when they built them a few 
years ago, they didn t even bother putting suitable bottoms in the VIDPs, though we would now, 
because the ^oundwater had already been written off by the Water Resources Authority. Here in 
670 Kingston. Kingston is an alluvial plain, gravel, and everyone has had absorption pits for years. The
groundwater s shot, and they told us, "Don't even bother to concrete the bottom, because what's under 
there is worse than whats in your pit. " kind of stuff. I think they should pump it out and use it for 
irrigation. Great for sugar cane. Lots of nitrates. I should think half of the pollution load in Kingston 
Harbour is actually the underground water. That pollution of nitrates coming out.
LM: Quite a residual thing.
SH: Yes, even if you treated it all now, it'd still be oozing out in a hundred years, unfortunately, so it's 
very difficult, [unclear] has a large problem on his hands.
LM: Is the impact on the fisheries significant?
SH: Well, Kingston Harbour has changed massively. There's quite a chunk of dead water at the 
bottom. The types of fish have completely changed. Very little breeding of fish now in Kingston 
685 Harbour which used to a major breeding area. Yes, nutrient pollution has hit the fisheries badly.
Somebody pointed out the other day, with quite a small coastline, and an enormous number of the 
population dependant on the coastline [unclear].
LM. If we look at technology briefly. Sanitation technology. How do you determine the capacity of a 
690 community or a municipal authority to use and maintain a technology, the one you mentioned there 
was a double improved pit latrine. Is that something which ought to have been looked at previously, 
since we're now coming to the point where they're due to be emptied.
SH. Well the odd thing is, there are various things that need to be followed up on. I'm very adamant 
695 because VIDP s tend to be a... I don't know of one VIDP that's been paid for by the people using it. It's
been a freebie. It's a funding agency technology. Which of course means that you have no idea how 
acceptable it is, which means that communities turn up and say, "We want VIDP's. " And they don't 
even know what one looks like, they just know that they're free. So that they know that if they go and 
ask for VIDP s they re more likely to be given a solution. So we don't have, you know, actually people 
700 paying for sanitation, if they did it would be much better. We don't have any kind of level playing
field. It s very lumpy. In terms of knowing various different costs. They may be environmentally very 
good but they involve new technologies. I iliink they're a niche technology but they tend to be seen of 
as the future. They are in some ways sensible in terms of not everyone in Jamaica can necessarily have 
a flush toilet. So the debate on level of technology and choice and that type of thing, it's a very limited 
705 number of choices. Nobody's really trying to bring composting toilets or that type of thing as an
alternative. There are a few of them dotted around resorts where they need an environmentally friendly 
toilet. They 11 bring in or buy one from the States. But I know, Ian Gage for instance, was going into 
the ECD and they re talking about outlawing the absorption pit which has been a standard technology. 
Just dig a hole and fill it with rocks and cover it and put a pipe into it, but it's an expense question as 
710 well. If you're going to require that everybody has a septic tank and an evapo-transpiration field.
That's not a poor man's option. Very difficult.
LM: I spoke yesterday to a guy from the National Housing Development Corporation. I was asking 
him about how you might introduce new technologies, if you found a particularly cost efficient one. 
715 And he really wouldn't like to deviate from something he's got from the National Water Commission,
with about five standard forms of sanitation.
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SH: Which probably came from ECD. That's the kind of thing that Sanitation Task Force would like to 
do some work on, is looking at those standard designs. Although it's one of the paths I'm trying to give 
720 the ACES project. I'm still working part time with CRDC so I have a sort of guiding hand. I'm still a
director, but one of the things is that, I mean. I'm on the committee for the National Building Code, 
which doesn't have any non-waterborne solutions, in the National Building Code. It has septic tank 
sizing and [unclear] sizing. Well, given that 70% of Jamaica's population has a non-waterborne 
solution I think it's a bit of an affront. So I would like ACES to write the page, in the right sort of 
725 format, for the building code that I can take along and say we need to put this in, this is how to build a
latrine, and a VIDP and whatever other choices we have and this is the guideline for sizing them. So 
somebody can say, "Yes, I have a VIDP built to the building code." It's a way of legitimising it and 
promoting it in a way. I think there's a major cultural factor though. Everybody watches soap operas 
every day, and everybody wants to be like the States. And half of the Jamaican population is out of 
730 Jamaica. They're in Manchester and London and New York and Miami. And everybody has high
expectations. So VIDP's in my mind come up as intermediate technology. People are not interested. 
They'd rather have no toilet or they will have a proper one. It's a far cry from India or somewhere 
where you can get away with it. People have a pushcart. The step up from a pushcart is a Toyota pick­
up. I mean, they're not interested in a motorised pushcart, you know. There's very little grounds for 
735 intermediate sort of relevant technologies. They're not interested. They know what the real thing is
and in that way, we're much too close to Miami. Even the Minister of Housing. He went up to 
Montego Bay and our project area, where we had built six VIDP's to demonstrate potentially a 
technology, and done really nice ones and stuff. And he said, "I'm not signing this project if it has 
anything to do with pit latrines." Because he thinks everybody should have a flush toilet. If they're not 
740 going to he's not co-operating.
LM: And that's the Minister of Housing. You've got a difficult task.
SH: Yes, we've got some uphill work. So he's also the Minister of Environment, of course. So if he 
745 doesn't think so then nobody thinks so.
LM: If I could quickly just ask one final question. There's an argument for sanitation to be decoupled 
from water supply. The particular guy who's written these asked me to ask this question. He was 
arguing that they didn't ought to be because sanitation often lags behind in terms of what people 
750 demand, you know, they see water supply as more important, and yet if it drags along behind the heels
of water supply then it's probably dragged along faster than it would do if it were sanitation on its own. 
Would you tend to agree with that or do you think it might be more effective if decoupled?
SH: I would tend to agree actually. I think it tends to come in different parts of people's minds almost. 
755 It has a lot of different problems. I mean, water supply , most of Jamaica is kind of, people regard
water supply as something that sort of comes in a pipe, it's not seen as sort of local, although there is 
much... They're beginning to be devolved into water supply and the Water Commission are beginning 
to fix up some of the local water supplies, because I think in the 80's they sort of centralised everybody, 
and it really doesn't, you know, you can't start talking about a grid for water for Jamaica, everywhere 
760 should have piped water. I know a lot of communities who have water two days a month because the
pump keeps breaking down and tliey don't have money to fix it. Tiiey have a perfectly good spring 
which everybody uses every day of the year, but you know, the Water Commission decided to pump 
water uphill from the coast to feed their supply and it doesn't make sense. I think that local government 
and local control of water supply is back on the agenda now, just for common sense reasons. But I 
765 don't see why that necessarily, I mean, I would tend to decouple water and sanitation side.
LM: Right, thanks. We've already spoken briefly about the idea of a knowledge base. Best practice, 
and you seemed quite keen. I'd be interested in setting something up on the Internet on my server. Not 
for me to contribute but just to act as a resource to which people could submit to. It doesn't quite make 
770 logistical sense for that to be based in the UK, but...
SH: If it's e-mail it doesn't make any difference.
LM: Is that something that you'd be willing to contribute to if I were to send you an e-mail and invite 
775 you to contribute.
Appendix B3: Transcript of interview with Stephen Hodges,
Sanitation Support Unit / Sanitation Task Force
SH: Oh, of course, I would be very interested. Me and others. Sure. It would be fun. Last year I was 
dead keen to go and register with one of the [unclear] but I never got round to it. Life intervened.
780 LM: Would you also mind filling that in briefly? Basically, what I'm going to do is take the transcript 
for these interviews and put them on an intranet, and it helps if I can refer to your background.
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EH: Carib Engineering is a wholly owned government company, and we implement major water 
supply projects for the government. So once we implement them, build them, we hand them to the 
Water Commission and they operate and maintain it, so that's the structure.
15 LM: Do you deal with sanitation and wastewater management?
EH: No, we don't. Just the potable water side, but we've been trying to get a foothold into that end of 
the business for some time.
20 LM: Sorry, your present role, you were going to explain?
EH: Oh, I'm the Managing Director. I'm a technocrat who has evolved into a bureaucrat. So, I have a 
whole lot of engineers who do the engineering work and my importance resides only in my signature. I 
sign things. I'm an engineer. I've got a background in civil engineering, sanitation and the usual. An 
25 engineer with an MBA. That makes you kind of confused. I'm not sure whether I'm fish or foul.
LM: The questions I'd like to go through basically derive from a set of guidelines that my sponsoring 
organisation have produced, which purport to be applied to all aspects of water resources management. 
Obviously not possible, so the questions are necessarily vague. What I'd like to do... These are quite 
30 broad questions but if I can flesh them out with people's own experience then I think that's useful. So,
if you do have a criticism of any of the questions, that would be helpful for you to point that out, 
because I'm looking for feedback on these guidelines too. I mean, they're only six months old. Firstly, 
I'd like to ask, "What kind of policy objectives and economic factors do you think it's important to 
consider in an urban water supply project?"
35
EH: Well, firstly, from a policy point of view, and I will refer, there's a Jamaica water sector policy 
document, which I had something to do with. The conceptual and the preparation of that document. 
And essentially the main policy points are that government has a responsibility to make sure that every 
citizen has access to a minimum quantity of water of a specified quality, and access is defined by 
40 proximity. Of course there are different modalities that the government could implement to actually
get the water to the citizens. House to house connection, obviously, is the preferred option. But very 
expensive. Then there would be community water supply systems like wayside tanks where the people 
actually go from their households to the water source. Then there might be trucked water and a whole 
variety of modalities of supply. But certainly from a policy point of view, government would want to 
45 have, would want to achieve some sort of universal coverage. Accepting that the modality of supply
will vary. OK, that's one. Secondly, because of the epidemiological relationship that exists between 
water supply and humankind, obviously government has a responsibility so our policy objective is to 
reduce the epidemiological incidences which arise from non-potable water supply. And our policy 
objective would be, and this is a latter one, and probably coined mostly to satisfy the international 
50 funding agencies. And it has to do with the financial viability of the operating entity. So those, I see, 
would be the broad objectives. You know, potable water to everyone. Within the health context. And 
some sort of financial viability of the operating entity. Which implies some sort of subsidising role for 
government because the operating entity is mandated by government to achieve universal coverage. 
Invariably, universal coverage and financial viability tend to be poles apart. So government has to 
55 underpin that relationship. So that would be the broad policy objective. And of course, the
sustainability of water as a finite resource or a diminishing resource. So issues like conservation, 
watershed management, reforestation and so on, would be tangential policy issues, that government 
would have to look at. So that would be the policy thing. The economic considerations as I said 
before, we've adopted a position here where it says the operating or the providing agency must be
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60 allowed to cover its costs, and so the government then would have a concomitant responsibility to have 
a regulatory mechanism in place to allow the operating entity to move its rates and charges in keeping 
with the costs of production or the costs of providing a service. So, that addresses the financial position 
of the operating entity. Then juxtaposed against that would be the ability of the beneficiary population 
to pay for the service they get, and that's usually a problem. In the major urban centres where you can 
65 achieve economies of scale, that's not so much a problem. Where as when you go into the rural areas 
and the suburban areas, the unit cost of production tends to be significantly higher than the normal 
charge per unit. And so, first of all there are issues of cost subsidy and there are issues of cost subsidy 
within the enterprise. And then there are sub-issues of subsidy from outside the enterprise into the 
enterprise. And all of that is best handled, we have postulated, by an independent rate making entity.
70
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LM: What's the name of that body within Jamaica.
EH: The OUR. Office of Utilities Regulation. They are about four years old. They are still trying to 
find their way. There are some issues regarding their legislation and their independence. Their 
75 enabling legislation was coined in such a way that they reported to a Minister. People believe that, 
"Well, if they report to a minister, the minister carries a political burden therefore the minister's not 
likely to want to increase rates, so the OUR should be independent. " The government feels that if you 
have an independent rate making body that has a relationship with the elected entities then chaos might 
result. Because let's face it, they say, "Independent rate making bodies don't go to the electorate. We 
do. So we have a responsibility." So, this is the argument going on now. Quite frankly, I don't know 
where it's going to settle, but you can speak with them. I have good friends over there. Paul Morgan is 
a good chap to speak with and they will give you their perspective.
LM: And they're responsible for regulating all the utilities?
EH: Yes. Water, electricity, telephone and others. It's not just the classic utilities. They want to do 
other things. They want to regulate buses. They want to regulate garbage collection. They want to 
regulate the regulator. You know. If you let them they will regulate the whole world. Got to keep 
them in line. But they're friends of mine, also. Good friends.
LM: Where do find out about other projects in order to benefit from previous experience? I mean, 
presumably you've got a lot of your own experience. Is there another resource which you can go to, to 
find out, within a particular region, what's gone on in the past?
95 EH: Oh, I hold myself as the finite authority on the matter, so people usually consult me rather than me 
going and consulting anybody [laughs]. There are other persons who have worked in the industry, and 
they have localised knowledge. There's a fraternity, you know, that develops over the 20 years that I 
have been in the business and you tend to know the guys. The NWC has a library that used to have 
most of the work done for the NWC. The easiest way to do it though, again from experience, is totally 
unorthodox. It's that, a lot of the engineering work for the utilities tends to be done by consulting 
engineer companies, and so the easiest way to get information is to just go to the consultant who 
worked on a particular project. And they would have their files well established. So that's how I do it.
Call up a chap.
105 LM: It's a matter, on your behalf, of knowing which consultant did which work as well.
EH: Yes. It's a big short cut because the consultants usually have their things well put together, have 
their reports together. Mostly because years after you ask them for a copy of their 1965 report and they 
send it to you but they charge you for it, you see. So they always have a copy their waiting to sell you.
LM: So there are incentives for them to keep their records.
EH: Yes. It works quite well. Plus, they usually trot out the same design for most places anyway 
[laughs].
LM: Who are the stakeholders in a water supply project? Or in water supply per se?
EH: Well, obviously the beneficiary population. More significantly the political representative for that 
area. They usually claim the credit for bringing the supply. You know, whether they had anything to
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120 do with it or not. So they are an important voice. Most, if not all, of our water supply infrastructure in
Jamaica is sponsored by the government. Whether through direct frinding from the conciliated fund or
through or bilateral agencies. So, it's primarily the government. So, the major stakeholders would be 
the beneficiary population. Yes. The operating entity, the NWC, on whose behalf projects are 
implemented. The government, yes. Because infrastructure provision is, and ought to be, an important 
125 plank of the government's developmental thrust. And so, it is the government that funds the
infrastructure solution. Then the minor stakeholders would be the professionals who get paid for
implementing the solution. The engineers. The quantity surveyors. The surveyors. You know, us 
technocrats who make our living that way.
130 LM: Do NRCA tend to get involved at the upstream end of water supply projects?
160
165
EH: Not a lot. OK. In theory, if we're contemplating a new water supply project, NRCA would come 
in at the upstream end, where one is going to look at the potential environmental impact of abstraction 
methodology. In Jamaica the split between surface water and ground water is about 50/50. For 
135 groundwater, NRCA would not come in, simply because there is another regulatory body called the
Water Resources Authority, and they legislate on the exploitation of groundwater as well as surface 
water. There are some cross memberships on their board with NRCA, so they basically bring the same 
discipline to the table. So if you're going to exploit, develop a water supply source, and you're going to 
use groundwater as the source you'd apply to the WRA for the license. And that license would specify 
140 abstraction rates, pumping rates, drawdown rates and so on and so forth. Designed to prevent
overpumping and saltwater intrusion and it would also specify the quantum of abstraction, because you 
have to ration water as a resource. NRCA would really not come in there. For surface water, the WRA 
again does that if you're going to have impoundments, abstraction, it's going to result in decreased 
flows downstream, and impact on riparian owners. The WRA looks after that. So, the NRCA really 
145 does not have a big role, or they don't really play a big role in the water supply sector. In that regard.
That role is effectively played by the Water Resources Authority.
LM: So are they a stakeholder in the decision making process? Do they get involved?
150 EH: Oh yes. They'd be there. They do. In not as robust a way as they'd like to because, one of the
things, the WRA wants to levy charges for abstraction. Let's say, if you take a million gallons of water 
from a source they say, "I want a dollar per 1000 gallons." We're saying, "No. Because you've not 
done anything. You should not derive revenue from something which you have not contributed to. To 
the extent that the WRA needs funds to carry out their surveys and to monitor and watch. Fine. Direct 
155 costs. There should be a mechanism to compensate for their direct costs or their direct expenditure, but
they should not and reap windfall revenue by virtue of the fact that a utility chooses to abstract ten 
million gallons as opposed to one gallon. But, you know, we battle. They think they should get it.
LM: Is there any community involvement in the planning processes for a water supply project?
EH: The truth of the matter is, it sounds nice to say, "Yes, there's a lot of community involvement." and 
you get the little man to participate in the process and so on. The truth of the matter is it's rubbish. The 
little man really wants to turn on his pipe and get his water. And the quicker you can gel about the 
business of giving him this, the better for him.
LM: It's quite refreshing to hear actually, because a lot of people will give lip service to it.
EH: The community really couldn't give two hoots. What it is, is that, certainly again in my 
experience, on the wastewater side, it's a bit different. In that, when you're making major... You see, 
170 the development of a water supply system tends to be not as troublesome or you know does not invite 
as much attention as a wastewater system. Prisons and sewage plants are in tiie same league. Nobody 
wants them, as you will know. Not in my back yard. Water things are different. A water treatment 
plant can be next door to everyone and they're happy. You know. What I found, certainly... I spent 
about 18 years at the Water Commission so I know a little bit about their business. When we were 
175 doing major wastewater projects or sanitation projects, like in Montego Bay, Ocho Rios and Negril, we 
had lots of community meetings. Mostly they were very acrimonious, because they said, "Yes, we 
want sanitation and we want sewage system but could you do it in someplace else. We want to be the 
beneficiaries but could you not put the sewage plant in our Parish?" You say, "But it's your sewage." 
and they say, "Yes, we know but could you just sort of make it go away?" And we said, "No. That's
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180 not quite possible. It's your sewage and we're going to treat it and we have to treat it in reasonably
close proximity to where it's generated for these scientific reasons and so on and so forth." So we have 
town meetings, and they're threatening to shoot us and kill us, simply because we're trying to treat their 
sewage. But that's life. But we implemented the solutions nonetiieless. And so places like Montego 
Bay, Negril and Ocho Rios have recently received three new sewage systems, that they are trying to get 
185 to operate now. But that's the extent of the community involvement. Community involvement for a
water supply project tends to be, "When are you going to do it? We have no water." I mean, like in 
Negril, was a classic case. They had complained bitterly that their tourists are unhappy with us. They 
get up in the morning and there's no water. "When are you giving us the projects?" So when you go 
down they attack you. They'd also be interested in it from an employment point of view. And also, 
190 too, they'd be very interested in it when the government comes around to buy land. Because usually
there's a development project. The government wants to buy land. And suddenly the price goes up 
significantly because they know you have to buy the land, and so they say, "Ah ha!" What used to be 
$10 an acre suddenly becomes $500 an acre. So, yes, they are interested.
195 LM: I guess in both the cases you've outlined there, the involvement's instigated by the community
because in both cases they see, you know, something of theirs is at stake, whether it's a benefit or a 
cost.
200
EH: Yes, of course.
LM: I'm trying to move through quickly because I'm mindful that we've got a limited amount of time.
EH: I talk too much, you see. That's my problem.
205 LM: No, it's exactly what I want. How can the private sector get involved in managing services and
what are the most appropriate partnership models?
EH: OK. There is a perception that the private sector can bring to the table superior management 
technique. Certainly, in my experience, the jury's still out. The truth of the matter is 90% of all the 
210 water supply businesses worldwide are run by state agencies, and therefore, firom even that point of 
view, you would think that the distinctive competencies reside in that sector. One can take the position 
that the state has no business running water supply business. And if you keep that position, which is a 
political decision, then you say, "OK, if it is not the state then it must be the private sector." But if one 
is going to argue that tiie private sector should run it because they have a superior competence, you 
215 know, I have not seen the evidence. Certainly, the private sector has a role and though I've never seen
it as a private sector/public sector divide it has always been the population expresses the need for the 
service by demonstration or whatever. You know, we want water. In fact, how it usually works, the 
population demonstrates to the agency that is providing the service or is supposed to provide the 
service. Which is the provider agency. And say, "We want water." The provider agency says, "Well, 
220 you know, either I don't have the money to do it or I don't have the money. I don't have the money
that's why you don't have the service. The government comes in and says, "OK, here's the money." So 
the state agency then hires private sector consultants to develop and design the scheme. And hires 
private sector contractors to actually build the scheme. And then when tliey aie ilirough with it, the 
state agency operates and maintains the scheme. So there's always been a private sector/public sector 
225 relationship. Very quietly, and that relationship existed long before privatisation became a buzzword.
It was always there. So certain, in my experience, that works very well. So, I am aware of the other 
models. Service contracts. You can bring in a private sector company to come and manage the 
operating entity. You know the pros and cons for it. Presumably they have superior management 
capabilities.
230
LM: I'm always sceptical of that one.
EH: Yes, the truth of the matter is they tend to self perpetuate. And they bring no asset. And most of 
the time, the limiting factor in the operating entity tends to be cash. Service contracts don't come with 
235 cash. They may come with laptops, but laptops don't go very far in terms of providing water in the 
pipes. Down there would be your concessions, to the extent that someone wants to take some money 
and plonk it down. Improve the physical infrastructure. Provide a service for 25 years. Fine. But 
again, there's no romance in investment. People tend to look for return, and why invest in water supply 
and hassle with customers to pay their bills when you can get 25% or 30% risk free on government
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240 paper. So whichever investor wants to do that fine, and my understanding is that at present the 
government is committed to a broad range of privatisation options to the extent that investors are 
willing to play ball. They are service contracts, management contracts. I like... The first one I talked 
about was actually a management contract. Service contracts, again, have been in existence a long 
time, and I like service contract. Service contract where you can give plant to someone and say, "OK, 
245 you operate and maintain that to give me all I want at the boundary. So many gallons of water a day,
and I'm happy with that. You can do that. The trouble with that particular one in Jamaica is that the 
competence to perform that role resides with the utilities. And very rarely resides anywhere else. So 
unless you're going to have another utility from somewhere that's going to come in and do it. Unless 
one is going to postulate the model where people who are retired or made redundant from a utility are 
250 put in a company to do that or whatever. But generally the people who are made redundant from the
utility are the ones that the utility want to get rid of anyway. So it's a catch 22 I think the real 
opportunity for private sector involvement in the business in a meaningful way is when private capital 
is willing to make the investment in the physical infrastructure and operate and maintain themselves, 
just the same way they build houses. But certainly in a Jamaican context, every developer is prepared 
255 to cut the roads, build houses and sell houses. But they expect the government to provide the water
supply. Because it's significantly cheaper. The out-turn costs for the housing units is a hell of a lot 
cheaper that way. If he is to factor in the water supply then usually the investment is a bust. But to the 
extent that there are many areas in Jamaica that require water supply services and I'm sure if somebody 
comes up and says, "I will do the whole thing with my money and I will levy rates and I will collect the 
260 rates." Hope I don't sound like a socialist [laughs].
LM: OK, in terms of social principles. The question I've got is how do you go about taking account of 
local knowledge and cultural values? And this is all to do with participatory methods really, so it 
would be in design and planning.
265
EH: Again, certainly, you'll find a lot of the issues there fit more with sanitation than with potable 
water supply. Potable water supply tends to be a very innocuous. Most people want house to house. If 
you give them a tanker or you ask to walk to fetch the water, or you're going to go and put a standpipe 
in a community, that's regarded as interim. Not acceptable. They will pay for that service if they have 
270 to but they will scream bitterly. In fact, they will scream that they had to pay the guy who trucked the 
water to tiieir house. They will scream bitterly for that. Because as long as the water doesn't come 
through a pipe in their yard, they're not supposed to pay for it. That's the social concept. Once the 
water comes in the yard, OK fine, then they perceive an obligation to pay. Whether they actually 
follow through on that is another question. The Jamaican population doesn't take very kindly to paying 
275 for a water if it doesn't come through a pipe in their yard. On the sanitation side, the statistics will
show that roughly 45 to perhaps 50% of the Jamaican population still rely on pit latrines for faecal 
waste disposal. However, if there's a housing development or any sanitation undertaking, and you 
prescribe pit latrines or you know, ventilated improved pit latrines, they will stone you because that is 
not acceptable. So here is the dilemma. Half the population uses it, but if it's prescribed it's not 
280 acceptable because the Jamaican perception is that civilised waste disposal is flush toilet. Now a flush
system, or waterborne system, which is the front end, has a lot of back end implication. As you know. 
Implications for groundwater if there isn't a carriage system. And so for example in Kingston where 
for years there has been a proliferation of flush systems without the carriage, increasing levels of nitrate 
have literally knocked out the underground water source as a viable water supply source. So that 
285 poses its own problem. So urban water supply solutions then tend to get further out. You have to go
further and further out to bring water in. That's an immediate consequence of the preference for flush 
systems without the carriage. Also too saturation of soil comes in and you know, after a while the 
porosity goes and the system doesn't work and you have a problem. A flush system with carriage gives 
you large volumes of waste to treat. Large volumes of waste to treat in an urban setting gives you 
290 problems relating to treatment types. Mechanical. Well, we have a problem with operating and
maintaining anything mechanical so they'll break down. The high cost for electricity. So there's a 
problem. If you go for non-energy intensive systems like facultative ponds, it implies land availability, 
and another social problem is the acceptability factor. Are people prepared to see acres of their waste 
looking at them? They're not. So a lot of the social problems tend to manifest themselves in the 
295 sanitation side. In urban areas, as I said before, because of global [unclear]'lisation in a reduced sense
there's very little distinction between urban Jamaica and rural Jamaica. Thanks to American cable TV. 
Everybody sees the same thing. Everybody watches the same thing. And so the solutions, everyone 
wants the same set of solutions. And so the rural man he wants his first system to... The impact is a 
little bit different because of reduced concentration, but in a sense the problems are the same.
Appendix B5: Transcript of interview with Everton Hunter,
Carib Engineering Corporation
300
305
LM: It's interesting that's the second time American cable TV has come up in this discussion.
EH: [laughs] Those were my comments in terms of the social thing. The sociologists, they'll tell you 
other things.
LM: Is there no longer any abstraction from the aquifer beneath Kingston?
EH: 25 years ago you probably had got 25-30 active wells producing on average 15, maybe 18 million 
gallons a day. Right now I think about five of them are in operation. One of them has had very high 
310 levels of nitrates for sometime but there is just no alternative source. And the others, because you keep 
a record of nitrate levels over the years, they're all escalating. So, you know, within the next... Without 
significant improvement in the coverage of the collecting system, certainly in ten years, a lot of the 
remaining well sources will be in serious jeopardy. Even when you achieve universal coverage, of the 
collection system, it's still going to take many years for the underground water to be flushed before it 
315 recovers, so that's a major problem.
LM: With regard to economic returns on a water supply project, how do you determine current and 
potential returns? Do you look at what people pay and what they might be willing to pay in the future?
320 EH: The classic theory for investment is that if the net present value is positive then you go for it, if its
not then you don't and so on and so forth. Generally in water supply and in sanitation it doesn't quite 
work that way. Generally, it starts with the expression of a demand. As long as demand is exerted... 
Because you have one of two choices. When a demand is exerted you can either move the population 
to where the water is, or you can move the water to where the population is. I mean, you have no other 
325 choice. Certainly in the urban areas, where there are large concentrations of population, supply is
there, you make incremental increases. You can spread that cost over a large number of customers, so 
the returns tend to be attractive. Where the big problem comes in is in the rural areas. And in Jamaica, 
in particular, because of the hilly terrain, you find... In fact the statisticians will tell you that there are 
1786 nucleated villages in Jamaica, whatever, and if you are to provide water supply to them, the unit 
330 cost to provide house to house to these villages is just prohibitive. So, if you're going to analyse the
solution purely along economic lines you'd never provide them vdth water. Because the options would 
be: abstraction, whether it's from groundwater or surface water, invariably pumping, a pumping station; 
to pressurised main, distribution main, storage reservoir, and then service. Generally that's very 
expensive, because of a) the depth of the well that you have to sink because generally there are no 
335 rivers so they use groundwater in those areas. The physical size of that investment that you'll have to
make... And the funny thing with water supply is that you can't sort of do it incrementally. An example 
I used to use is with electricity, if you have an electricity line passing here with so much juice in it, and 
there is a customer over here, and he's poor, you can put a wire onto the main line of the juice, you can 
use a mopstick to support the feeder line to this poor guy and that doesn't impair the quality of his 
340 electricity. He still runs his thing. With water you can't do that. You can't use a bamboo tube to take 
the water from the mainline to the poor guy. So you can't tailor your solution to the income level of the 
beneficiary population. The engineering tends to define the solution rather than the paying ability of 
the beneficiary population. Tliat's tlie big dilemma In water supply. So ilie solution that you prescribe 
for a rich town say like Mandeville, which is very rich, costwise is the same solution for the poorest of 
345 places. So there is no trade off. And that's the deal. Unless of course, and this is what we try to do, we
say, "OK, Mandeville's rich and they can afford it so they get house to house. This village is poor 
therefore they get a wayside tank, and a track will come and fill that tank three days a week." That 
would be the way to do it. But is that accepted as a water supply solution? Generally, no. Because the 
sociological consideration is that it's not. And also from an epidemiological point of view storing water 
350 on premises is very risky. You know, chlorine residual and everything is collected, taken to the house,
and it can become contaminated. Mosquito breeding and all of that, so. Really from an overall point of 
view, we as engineers, hardcore engineers, and even the health professionals would like for water to be 
supplied in the pipe, house to house. Obviously that involves money. So yes, one can do the normal 
analysis and say, "OK, the beneficiary population is 5 million." Well, the right way to do it, and how 
355 we normally do it... Generally, if this is the beneficiary population, how the NWC actually does it...
NWC has different rates for domestic consumers, commercial consumers^ schools, whatever. So if x 
gallons of water is going to be introduced to this population, you'd look back at your records to see 
what is the split. How many of your customers fall into the different categories, so you can predict for 
an additional x gallons, how will this x gallons be sold because the x gallons will be sold at different
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360 rates. So if it goes into an area which is 100% commercial, then you would derive the commercial rate.
If it goes into an area where it's going to be split 50/50 commercial/domestic that gives you another 
formula, so really what you do is you look at the probable distribution of that water, and you can 
predict the likely income, and so you can do your analysis based on that. That's the sort of greenfield 
approach, but as I said before, really, when you do this analysis and it tells you that the schemes not 
365 going to be viable, you say, "Yes, I knew that anyway." Because you can tell. You can usually tell. 
So the government will come in and provide the money to do it, because the people need it and the only 
other option is to relocate the population. Which you can't do. Don't ever relocate people. So, you tend 
to put in the solution. It's expensive, but the government provides the funding, and the operating entity 
is now saddled with the maintenance cost, which sometimes is high but they hope that cost subsidies 
370 will help to keep it down. That's the way it works in the real world.
LM: It's interesting because water obviously doesn't conform to classic market economics, because you 
don't have a choice whether to buy it or not. You need it.
375 EH: Precisely.
LM: OK, with regard to demand, do you look at levels of demand in the same way? I mean, would 
commercial enterprises be assumed [unclear]
380 EH: Yes, we would postulate per capita demand. And again, it varies by economic class and it varies
by geographic location, and we have standard tables. There's a document put out by the Jamaican 
Institute of Engineers. It's the equivalent of our Codes of Practice. We have one for wastewater. 
There's one for water supply. For roads. And all these different things. But generally, as I said, they 
postulate per capita demand by class. So, for example, in Kingston, if I'm asked to do a design, first 
385 you want to know, "Where?" and somebody will tell you the geographic location. And then based on
the... If they say, "This is the geographic location.", immediately you categorise that location in terms 
of the standards. Whether it's high class, upper high class, middle, lower middle, whatever, whatever. 
We have all these little bands so we fit locations into these bands and we postulate per capita demand. 
And commercial demand and you make a projection for leakage and so on and so forth and come up 
390 with your demand.
LM: Do you have a methodology for looking at risks involved in undertaking a project? Is there a 
formalised thing or is it a subjective thing?
395 EH: it's a subjective thing. We don't do a formal risk analysis for water and sewage. Not in terms of
like, financial risk, no. We would do it mostly in terms of physical risks. You know, if you're going to 
site something somewhere you do your geological or geotechnical surveys and so on and so forth. But 
we wouldn't do it in terms of economic risk.
400 LM: OK, thanks. We've already discussed really environmental assessment, I guess where necessary,
the majority are carried out by...
EH: For the sanitation side, the environmental assessment side takes on a whole different colour. If the 
NWC's going to put in, or we're going to put in a sewage system for the NWC, or NWC's going to put 
405 it in for themselves, then yes, you go to NRCA and you [unclear]
LM: Would they do that in house or would they hire consultants?
EH: They would, what it is, I think they require you the applicant to give them, to provide an 
410 environmental impact assessment, and they analyse it and will accept or not accept the
recommendations. So that's how they do it. So that's what we do. You'd hire a consultant to prepare it
for you because the NRCA prescribe what they call effluent discharge criteria, which the Ministry of 
Health also does, ECD. So, you just do one, and you predict. Everybody will predict that the effluent 
BOD is going to be less than one and the effluent suspended solids is going to be less than one. And 
415 it's time to OK, challenge that.
LM: Is it a growing market within Jamaica for consultants involved in environmental impact 
assessment?
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420 EH: Oh yes, but most of them don't know what they're doing [laughs]. Environment is the easiest field 
for someone to become an expert in. All you have to do is declare yourself an expert. You don't have 
to qualify or be trained. You have never run a BOD test or a COD test or faecal coliform test in your 
life, but you're an environmentalist because you write things about protecting, you know, the 
endangered weasels and the mummified earthworms, you know. You become an environmentalist, 
425 yes. So everybody is an environmental consultant. Maybe I'm a cynic [laughs].
LM: But there is a growing demand for that kind of consultancy.
EH: Well, what it is, a lot of it, it's on the one hand a lot of the environmentalists, and if you repeat this 
430 I'll deny it, a lot of the environmentalists they are presidents of the environmental watchdog things and 
they are also environmental consultants. So, the watchdog thing raises hell. Then they do the work 
with the consultancy. So, ah... a load of rubbish. But don't get me wrong, here. As an ex-engineer. I, 
for years, have been in the business of designing and operating systems to minimise detrimental impact 
on the environment. And that's for the record. OK. Good.
435
LM: In that regard, do you know of any modelling, for example, that goes on to look at the impacts on 
water quality downstream of wastewater treatment works?
EH: I know of models. I mean, your expanded Streeter-Phelps model that I used to use when I'd just 
440 left college. And used it for sometime after. It still exists. There is a river [see drawing] and this has
been there for years. And there is a pumping station called Halls Green and basically, what it is, is 
some little impoundment. I think there are some shallow wells and they actually abstract one million 
gallons a day of raw water from the river, and take it to a treatment plant, the largest treament plant in 
Kingston, in Jamaica, where it combines with other water supplies. The raw water is treated and it 
445 comes into Kingston. It's the water we drink. Well about 12-15 years ago a developer went and built a
lot of houses over here. And thing is, in Jamaica, houses are always in demand. So everybody's a 
housing developer, and most housing developers they look at the number of houses they can build and 
sell and become rich. Only belatedly do they remember things like infrastructure. Because that doesn't 
translate into houses. They want to build five million houses. You say, "What about the water 
450 supply?" They say, "Oh, that's OK. " "What about the sewage?" "What is that?" Oh, I'm on tape
[laughs]. Anyway. So they build a lot of houses here, and their solution for the wastewater was a 
package plant on this side of the river. And so under normal conditions the package plant would 
discharge into the river. Now, what it is, certainly for a package plant, you know, extended aeration 
would produce effluent. You can get 5 BOD, you can get 10 suspended solids and you can get faecal 
455 coliform I don't remember. 10 per 100ml or whatever, whatever. But for this to happen and to happen
consistently, first of all your electricity has to work to get 24 hour aeration. Your standby has to work. 
Because once you're out of elecricity the whole thing goes down, you have to have all your spare parts 
to make sure all the plant is there, and whatever, whatever. The truth of the matter is that to sustain this 
level of operation is almost impossible, because there's no margin of error. And the take off was about 
460 a mile down. So, yes, at about that time, I remember I was fresh out of university and I remembered
things like differential equations so we ran some models and predicted the distance for recovery and 
whatever, whatever. And we eventually prescribed that instead of having a direct discharge into the 
river, what they did was to take the effluent across, build a set of like, sub-surface filters, so they were 
like soakaway pits with sandbeds. So it would come here [refers to diagram] and then into the sub 
465 surface sand filters. And then by percolation it would get to the river as opposed to a direct discharge.
So this was done years ago. Then I left Jamaica, so I don't know what happened after it. It would be 
interesting to go back and look and see, you know, what's been happening, cos it's about ten years ago. 
I know people are still living here [indicates housing]. But I don't know if this is still in existence 
[indicates packager plant]. I illustrated that to demonstrate the need for that kind of modelling of water 
470 quality downstream of sewage discharges. Of course, the usual thing, certainly in college I used to do, 
whenever you have direct discharge we'd catch fish and put them in cages and determine the lethal dose 
and the distance and the usual things like that. I don't know what the environmentalists do now. 
Because I'm out of that sort of field. I don't read their reports. I would think a lot of them do very little 
fieldwork. I can't see our environmentalists going out and catching fish and putting them in cages and 
475 counting the die-off rate and so on and so forth.
LM: Do you think computational modelling is likely to be used?
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EH: Yes, they probably do that, but there are a couple of people who... Environmental Solutions Ltd. 
480 are the most well known environmental consultant. They're good friends of mine. Verty very good
friends of mine.
LM: Can you think of someone I might be able to speak to.
485 EH: Oh, Eleanor Jones. She's the managing director. They do a lot of the work. Eleanor and I are
really good friends, and if Eleanor ever hears that I am sceptical of environmentalists, she'll never 
believe it.
490
LM: I won't play her this tape.
EH: One of the big issues involved in modelling that has been, we've certainly looked at is Kingston 
Harbour. You know Kingston Harbour is the eighth largest natural harbour in the world and we have 
killed it. We worked very hard at killing it, especially the Water Commission. Certainly all the 
bleeding hearts as well as the pious members of the population have been crying out for Kingston 
495 Harbour to be resuscitated. It takes money. But obviously that's one of the things you're going to do, a 
rehabilitation of Kingston Harbour, with some modelling of it.
LM: I'm intending to go and speak to Tony Greenaway at the University of the West Indies. Because 
apparently he's been involved with modelling the harbour or something to do with the water quality. 
500 We looked at environmental impact, and I guess we have to talk about wastewater schemes again. Are
they included within an economic analysis? Is there any kind of environmental valuation applied in 
your practice or that you know of?
EH: Not really. Not that I have seen. But, then again, as I said before, I do not claim at this stage to be 
505 that intimate with that aspect of the profession. I'm an administrator now. But certainly I have not seen
any of that lately. I'm trying to rack my brains.
LM: I guess the approach is to meet environmental criteria within financial limits.
510 EH: And again, one of the difficulties is that... Take the Negril area. Negril is known for several miles
of white sand beach. But Negril has never had a sewage system from inception. So, increasingly, there 
were high levels of faecal coliform found in the coastal waters. When I was at the Water Commission 
we prescribed, "OK, fine. We are coming to your aid. We're going to put in a sewage system. And we 
decided, "Well, we're not going to go for a mechanical system , we're going to go for facultative ponds. 
515 Because of the difficulty in operating and maintaining mechanical systems. Good. And we're going to
use gravity sewers. Good. So we got our consultants to do all the engineering design, do our 
environmental assessment and so on and so forth. And we had town meetings, and we presented it to 
the town. The town said, "No." That's rubbish. First of all, they didn't want gravity sewers, they 
wanted pressurised sewers. So we were to use air floatation methodology or something so that we 
520 didn't have to excavate. So you could literally run the sewers one foot under. So we said, "What if
your compasses don't work?" They said, "Don't bother about that, we don't you to dig up our streets." 
And next they said they don't want a ponding system either because of the aesthetics. When you look 
at the thing you're going to see two acres of brown faecal matter. We said, "No, it doesn't quite look 
that way." They said that they wanted tertiary treatment. We said, "What? What do you understand 
525 by tertiary treatment?" They said, "Don't bother us with detail. We want tertiary treatment." And the
nitrate levels. OK, we predicted that the residual nitrate level in the effluent would be 1 or 2 mg/1, 
whatever, I think it might have been microgrammes. They said, "No." and we said by the time it's got 
into the river, before it gets to the sea, the dilution factor is x. And they cited, "Dilution is no solution." 
[laughs]. They said they want zero nutrient discharge. So, where do you go? That was what the 
530 committee was saying and their experts from the international coral reef society and their fiiends from
wherever. And so they got their friends. We got our friends. And for about two years we looked each 
other eyeball to eyeball. They wouldn't blink so we had to punch them, and we put in the solution. But 
that's how it was. What one would like to think is that the NRCA, the state regulatory agency in terms 
of environmental things, we have a presentation and they analyse our thing and they accept it. So they 
535 have a problem with the fact that we had a problem with the citizens. They said, "No, they don't want
any of this, they want vacuum the sewage and take it to another parish and treat it. It's a little like that.
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LM: OK, thanks. I've got a little section here which is basically about locating treatment facilities but 
we've gone over it, I think. Do you have... The question is, "How do you identify monitoring and 
540 operational indicators that can be used to assess inputs, outputs and impacts.
EH: Again, these tend to be standard. Certainly from the operating point of view, when you join the 
enterprise, there are usually some indicators there, so you latch onto those. And secondly, in your 
academic training and in your own experience you'd have had some, and then as your own experience 
545 grows you will develop others. One of the things I used to do when I was very active in the profession,
I used to visit a lot of facilities worldwide. I've seen everybody's sewage. From the UK to South
America. From Australia to North America. So, you know, you spend time at other facilities and you 
pick up what other people do. So that's basically how I would come up with... USAID is good at 
manuals. They send out a lot of manuals of what they did in Sri Lanka. And they postulate models
550 that work brilliantly in Sri Lanka. So you can read them all. USEPA. Again, when I was active in the
business I used to get publications from USEPA. And so you read it and you see what they do in
Wisconsin and if you're like Wisconsin then you use some of that. So a lot of it is experience and I 
can't trot out the exact ones that one would use but that's how I get them. And in fact, let me make this 
point. I have found, even though, at work people tend to think it's a joyride. You want to go abroad. 
555 It's exotic. But really, I have found in my experience, actually going someplace and spending time at
an operating facility, even if they are two, where you actually go and you work with the operators. See 
what they do and review the operations, whatever. It's very, very useful. I was in Singapore a year ago. 
I spent two weeks in Singapore. I spent some time at a sewage plant and it was useful. You know, you 
talk to the guy who's the chief lab person and he's working on his PhD and he's publishing some papers 
560 and you look at his papers, so you get the marriage there between the academic and the practical. It's
good. You pick up quite few things. So that has worked quite well for me, when I was in the business.
565
LM: If you were to come up with a new process or technology, how do gauge support for that kind of 
process? Would you ring around colleagues?
EH: Well, I suppose the major change process that I consider to have been involved with in Jamaica, 
has to do with on the wastewater side, I spent a lot of years on the wastewater side, and the change had 
to with. It is not a stated policy of government but it's de sure but it's almost de facto that where it is 
possible to use pond systems, that will be used. That is the prescribed solution, rather than mechanical 
570 system, because during the late 60's and into the 70's, there was a proliferation of mechanical package
type plants for the reason that they were easy to prescribe. I mean, here's a development with 700 
houses. You could literally go to a manual and pick the plant. And so you had 4, 5 or 6 local agents 
whom you could go to and say, "I need a plant for a thousand people." So you go up to Miami and buy 
it and the next day it's down here and it's working. So the solution was easy to prescribe. The plants 
575 were put in overnight. And the design and the mathematics of the operation were sufficiently cogent
that you could get approval from the agencies. You analyse the thing and you predict your BOD, your 
suspended solids. Your whatever, whatever, and you say, "Yes, this is a good design. Let's construct 
it." So a lot of people became fat overnight off that formula, but there are some important elements 
which were missing. And again they don't teach you this in school. The important elements that were 
580 missing had to do with things like sustainability and operation, cos what used to happen is that a 
developer is in the business to build houses. Providing sewerage infrastractme or even water supply 
infrastructure is an irritant. So he wants to prescribe a solution, get it approved, implement it in the 
quickest possible time and at the cheapest cost. Because he makes his money based upon the number 
of houses. Secondly, he doesn't want to use... You see, developers go out and they buy land to put up 
585 houses. He wants to minimise the amount that he has to use for non-housing purpose. Even when he 
puts in the sewage plant, and he's sold the unit, he's off to the next development. He couldn't give two 
hoots about the operation and maintenance of the thing in perpetuity. And this is what it is. Once you 
put in a sewage plant the presumption is that it will operate in perpetuity. And so we had terrible 
problems in the late 70s and into the early 80s with these plants breaking down. And then with the 
590 energy crisis. They required 24 hour aeration, so that's electricity. With scarce foreign exchange it was
difficult to operate and maintain these facilities. And so you had nightmares. A lot of them just went 
out of service and raw sewage was just flowing all over the place. So we tried. We put up a valiant 
effort to try and manage where we can. And coming out of that very bitter experience, those of us who 
were in the business at the time came to the conclusion that, and juxtaposed against this now was a 
595 couple of developments mostly out in rural Jamaica where facultative ponds were prescribed and they
were put in beautifully. Everybody thought that they were a fishpond because they looked so good and 
caused no problem, and we said well, that's where we have to go. So, in terms of a change of policy or
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a change in direction, that was it. So that's why when Montego Bay's sewage expansion programme 
came on. Montego Bay had a trickling filter since 1965 or 69. It did a million gallons a day. And 
600 Montego Bay's now generating around 12 million gallons a day. So when the time came to expand
Montego Bay, instead of putting in more modules of the trickling filter, as was originally prescribed 
back in 1969, they went in for facultative ponds, and did the same thing in Negril as well. And as I 
indicated, there was tremendous public response, because this was new and big and whatever. The 
masterplan for Kingston calls for ponds aswell. The so called FLOWES thing which looks about 500 
605 acres or 600 acres of ponds. Ofcourse, again that has attracted its own amount of attention because
when you say to people that you're going to use ponds they think of seeing brown faecal matter floating 
over 600 acres. But it has been accepted by the government that that is a solution, and we think it's the 
way to go. And so that I would say has been the significant change in the industry. In water, water 
doesn't really lend itself to that significant change. Saving except that we are now, just by writing the 
610 water sector policy, we have now gotten government to accept and to pronounce that everyone is
entitled to this minimum quantity of water but the modalities will vary. Because traditionally 
governmet has always promised everyone piped water in the yard. We've said, "It cannot work. You 
can't afford it and it's not achievable in the foreseeable future. So pronounce that, "Hey, listen, 
everyone is entitled to this but some people will have house to house. Some people will have this type. 
615 Some people will have this type. We are committed to a progressive improvement but over the long
term." Rather than say, "Listen, we're going to build you this scheme." And it never comes. So, that 
has come about, again because we all set out as engineers... I mean, nobody taught us to design little 
standpipes and wayside tanks, I mean, we all want to design a big scheme. It's a big comedown for us 
to say, "Well, the standpipe is it. Or the wayside tank is it. We also as hardnosed engineers had to go 
620 through that process where we began to see the industry not just in terms of engineering solutions but
in terms of solutions themselves. And for us to then speak a different language. To say to our 
superiors, "Listen, for this community of ten people, it doesn't make sense that you prescribe that 
solution. Fine, it will generate work for the consultants, but it never be built because it's unaffordable. 
So let's do this in the interim." So it's an iterative process. It's a process where we ourselves learn and 
625 then once you have this dialogue with your superiors and they have this respect for you, plus there is
nothing that works for these things like a shrinking economy. If you can't afford it then you basically 
have to prescribe what you can afford. So that's basically it.
LM: Just out of interest. The ponds for Kingston. Is that a design which is in place which is waiting to 
630 be financed and built?
EH: Yes, the preliminary designs have been done.
LM: Whereabouts would that be then?
635
EH: I don't know if you've come on the Mandela highway? The Mandela highway links Spanish Town 
to Kingston, and it's down in that area where the Mandela highway comes into Kingston. Of course, 
one of the criticisms is, "OK, this is Kingston over here, this is Spanish Town here and this is the 
Mandela highway, and the ponds are going to be like here. One of the criticisms is that in time, 
640 Kingston and Spanish Town will merge. And therefore these ponds are going to be situated in the
middle of the city. My response to that is that Kingston and Spanish Town cannot merge unless you 
have sewage infrastructure. And without this you have no sewage infrastructure. And in any event 
they should be kept separate. They are thirteen miles apart. You need green areas between them.
645 LM: The mechanisms which are in place for communication between stakeholders. I'm interested in
looking at how new ones might be encouraged, if necessary. I mean, do you think there's sufficient 
collaboration at present?
EH: Well, yes. And if there isn't, there's no good reason. I mean, we all know each other, we all meet. 
650 Certainly the agencies under the Ministry of Water, the Minister has monthly meeting of all the heads
of enterprises. I guess everything can be improved but I know that if I need water resource information 
I know where to go, you know, the Water Commission. People who claim they don't know probably 
are people who don't make the effort to learn. I know it would be pat to say, "Oh, yes. We should have 
more communication but really a lot of it ends up wasting time.
655
LM: Do you think there are sufficient avenues for people who might want to get involved to get 
involved?
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EH: Oh yes. Everybody goes out and demonstrates especially when TV cameras are around. I don't 
660 think we're lacking in terms of involvement. I think the solutions are pretty much known. I think we
have a fairly good idea of what the solutions are. Our problem has always been the resources to 
implement the solutions. That's basically it.
LM: I think we've discussed technologies already so that pretty much covers what I'd like to go 
665 through. Just quickly, do you have an opinion as to how peri-urban, or net necessarily peri-urban but
low-income areas within a city, how they're best provided for? I mean, we've talked about different 
modality of supply. Are there other problems which they present?
EH: Well, the irony of the situation in Kingston is that the peri-urban areas tend to have a more 
670 sustainable method of water supply than the richer areas, simply because of their history. The city
started out there, and as the city moved to suburbia, the infrastructure remained. So they have very 
good water supply and don't pay for it. And they also have the sewage system, because that's where the 
city started. So, it's somewhat ironic. And in Jamaica rich people live on the hills, not the poor people. 
The poor people live on the flat where it's easy and cheap to provide them with urban service. Rich 
675 people live on the hills so they don't get the water. Pressure can't reach them. There are some inner
city areas where there is no central sewer system, and again, the problem with prescribing latrines... 
Well, Omar Davies, Minister of Finance, is famous for building five pit latrines in his constituency. It 
made the headlines because a lot of people criticised it but it turned out to be a good thing. Because 
people had no method of waste disposal and he built five community toilets. They worked, to a certain 
680 extent, but I think they found that when women go to use them they become vulnerable to rape, or
whatever. That's another problem. But that has been an issue. Significant areas in the inner cities, 
some of them, have no formal waste disposal system that's recognised. On the other hand, there are 
very large areas in the inner cities that had the traditional sewage system under there. The problem 
with it is that they are used for garbage disposal, and so instead your sewers being required to carry just 
685 faecal matter they are required to carry everything else. So there are constant chokes and overflow of
waste, so that's a big problem. Also, in the heyday of building low-income houses for the inner city 
areas, this sewer system I talked about was prescribed, where they got package plants and so on. So 
you ended up having low-income people with a high maintenance sewage solution, and so very quickly 
that didn't work and so they had problems. So, ventilated improved pit latrines have been used under a 
690 European Development Programme in Negril. Ian Gage and Environmental Solutions worked on them. 
If you speak with Ian Gage he can probably tell you what has been the experience. But again, from 
what I know, everyone wants a flush system or whatever. Even the guy in the inner city 
neighbourhood. So, it's a sociological thing. But there isn't a special solution for these people over and 
above what I have said. But then I suppose there are other people who know this better than I do.
695
700
715
LM: You say people have water there and don't pay for it. Is that something which is just assumed to 
occur and it's provided nevertheless.
EH: Yes, because it's difficult not to provide it.
LM: I'm not saving you wouldn't provide it, but...
EH: Quite. When I was at the Commission we wanted to not provide it but then how do you not 
provide 17,000 people with no water. They just don't pay. And it happens to be the areas where you
705 would be best advised not to go. Not even the utilities would go there to do anything, to fix anything.
If you go there to fix a leak you're likely to be harmed sometimes. If you go there to disconnect. But 
yes, delinquency in payment is a major problem for operating utilities. Water more than electricity 
more than telephone but it's still a proWem.
710 LM: Finally, this is a question someone's asked me to ask people. There's an argument that sanitation
should be decoupled from water supply, and the argument's put to me is: At the moment they're 
considered to be put together in the majority of situations so while people want water supply and may 
be not concerned about sanitation it atleast drags along in the shadow of water supply and then at least 
gets something done. Where as if they're decoupled, sanitation might be neglected.
EH: yes, I know the argument.
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LM: What do you think about that?
720 EH: Let me see. Twelve years ago, whatever, when I was in charge of the NWC's wastewater 
operation, and I wanted to secede, I developed what I call Hunter's Law of Competing Resource. It 
says, where water and sewage compete for the same resource, water will always get it. Because 
everyone will drive to the water plant to repair something rather than go to the sewage plant to repair 
something. Because the water plant is usually uptown. The sewage plant usually has to be downtown.
725 It collects everything. So the water plants are in the nice neighbourhoods. The sewage plants are in the 
rough neighbourhoods. So, I said decouple the sewage, independent. Because as long as they have to 
compete with the water side... I said, "We'll have our own headquarters. Paint up our vehicles brown, 
for obvious reasons. And have a separate wastewater entity." Since then I've matured, and really, 
there's no academic argument or intellectual argument for or against. It is a question of what an
730 enterprise chooses to do. You can have very good service when they're together. You can have very
good service when they're separate. It all dpeends on the decision that management makes. I don't 
think it's an organisational form that is at the root of whatever disparity may existor any deficiency 
which may exist is not a consequence of the structure of the enterprise. It's really the strategy of the 
enterprise. That would be my view.
735
LM: OK, thanks. That's covered everything I'd like to go over. Thanks very much. I'm very grateful. 
EH: I hope I was of assistance.
740 LM: Yes, certainly. I hope it was quite enjoyable for you.
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LM: I've worked in the environmental field in Jamaica for approximately 15 years. I've current 
responsibilities for watershed management branch, parks and protected areas, wildlife, coastal zone 
management and geographic information systems.
15
LAM: Thank you. If I go first to the environmental section of the questions, since they'd appear to be 
most relevant to yourself. Are NRCA responsible for conducting environmental impact assessments? 
Is there a standard methodology?
20 LM: Yes. There's a standard procedure. I wouldn't say a standard methodology. There is a procedure 
whereby particular development that has been proposed is asked to submit what is called a project 
information form. And on the basis of the information provided in the project information form our 
determination is made. Some initial screening is done, and a determination is made on the basis of the 
impacts, whether an EIA would be required. The EIA is then expected to be undertaken by the project 
25 proponent. Either by themselves, depending on their own technical expertise, or using consultants, and 
there are a number of consulting companies in Jamaica which provide that particular service. In 
undertaking the EIA they link with the authority is related to agreement on the terms of reference to be 
used in undertaking the study. So there's a formal exchange of correspondence between the authority 
and, say, the consultants. In agreeing to what aspects of the development should be specifically dealt 
30 with. And this is determined in the terms of reference. There's a formal agreement on the terms of 
reference before the study is undertaken. When the study is undertaken it is submitted to the authority 
with about 7 or 8 copies. There's an internal review process. In some cases it may even be reviewed 
by an external agency outside the NRCA so, for example, if it has some specific implications for water 
supply, we would probably ask the NWC or we'd ask the Water Resources Authority to take a specific 
35 look at the EIA that has been submitted, you know, depending on what it entails. And we are very
careful of things like the mitigative measures, the costs involved in the mitigative measures. This EIA 
is then summarised by the technical staff and is submitted to a technical committee of the board of the 
organisation. The law that governs the workings of the NRCA states that it is the authority which 
grants the permit and the authority represents the board members named by the minister. After it is 
40 submitted to the technical committee, they either recommend or not recommend to the authority that it 
should be approved. Where the conditions are set out, are as agreed. And it goes to the board meeting 
and gets approved and the applicant is notified that your application to undertake the activity has been 
approved by the authority with a set of conditions. And it's all sort of sorted out by the lawyers that we 
have here now. So it's a formal legal document. In terms of the permit that is granted. But part of that 
45 decision making process is really an evaluation of the EIA. It's a pretty well established procedure, the
ability to ask for an EIA is enshrined in the act that governs the workings of the organisation. So, if 
you get a copy of the NRCA Act, section 10 speaks specifically to the authority, requesting an EIA or 
any other information in making a determination.
50 LAM: Thanks. Are you responsible for maintaining baseline environmental studies and information? 
You mentioned you're involved with GIS, is that one of the reasons?
LM: Yes, there is some baseline environmental information in the authority. Some undertaken by us, 
some undertaken by academics and other researchers. With whom we have a fairly good exchange of 
55 information relationship. And so a lot of the baseline information that we have available to us are not
all undertaken specifically by staff in the authority. We rely on other people who have done work in 
the area, or specific projects that would be looking at a particular area. But, yes, some baseline 
information exists.
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60 LAM: Can you point me to the who might be the most useful person to approach about Kingston and
Kingston Harbour specifically? I've been told about Tony Greenaway at the University of West Indies, 
and I'm going to try and get in touch with him.
LM: Yes, but the authority library we have a documentation centre which should have information on 
65 Kingston Harbour as well, so it may very well be here, but there's a comprehensive Kingston Harbour
rehabilitation plan that has been undertaken and which is documented and should be available in the 
authority. And also the Marine Sciences branch of the University of the West Indies. They've done 
work on monitoring Kingston Harbour. Dr Dale Webber would be the contact person to speak to.
70 LAM: In looking at impacts on water quality, do you know of any modelling which has been carried 
out. either computational or?
LM: I think some modelling has been done with regard to Kingston Harbour, and I know some 
modelling has been done with regard to pollution in Ocho Rios. Ocho Rios Bay. So, yes. Some 
75 models have been used.
LAM: Would you like to see that more widespread given available resources to do that? Do you think 
it's a useful thing?
80 LM: It probably could be. Obviously models have known hmitations. You sometimes need the data to
validate the model findings, and some of the models are very expensive especially when you get into 
more sophisticated three dimensional models, they do come at a cost. Sometimes. And that is 
something you always have to take into consideration, that is the additional important information that 
you would provide. Whether the additional cost is worth the additional information that you actually 
85 obtain in terms of your planning and decision making.
LAM: Do you look at the economic and financial implications of any environmental measures? Is 
there some kind of environmental economic valuation which goes on?
90 LM: People have been exposed to that concept in the authority. It's probably not applied on a regular
and frequent basis but yes there are individuals here who, I myself have studied environmental 
economics and policy analysis at Harvard University, and there are other persons who have come out 
of the University of the West Indies who have had some exposure to environmental accounting, 
environmental economics. I think the critical issue is to what extent it forms a daily input into the 
95 decision making process. That is probably a bit hard to say. But it's a consideration that people are
well aware of.
100
105
LAM: So, on a project-by-project basis it is something which is likely to crop up if one of those people 
was involved in that project, then it would be a consideration.
LM: Yes.
LAM: OK, thanks. In looking at the effect of wastewater discharges on the environment, specifically, 
in the case where there's not a model, how do you determine the impact upon the environment?
LM: Well, there are two approaches, it would seem to me, to dealing with that particular matter. One is 
there is in place a set of water quality standards for the country, and I think there's a set of trade effluent 
standards. So one approach is to say, "Your facility should satisfy the water quality standard." If it 
does, then theoretically, pretty benign wastewater would be impacting on the natural environment and 
110 then you needn't have anything to worry about. In circumstances where the facility can't meet your
water quality standard then the concern you have is whether the medium to which it is entering has 
sufficient absorptive capacity to receive that untreated wastewater, poorly treated wastewater without 
having significant impact on the ecology of that receiving body. You know it's dependent on the 
circumstances. And the facilities that have been established for a long time probably have some 
115 difficulty satisfying the current water quality standard but any new facility that is constructed is
expected to meet the current water quality standard that has been promulgated. So, some of that aspect 
is managed by the quality standards that are set for the wastewater.
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LAM: In the latter case, where the standards were exceeded, and you were worried about the ecology 
120 downstream, would it simply be a case of monitoring that ecosystem?
LM: The monitoring and working with the entity to bring their facilities into compliance which is 
something which we have tried to do or have attempted to put in place. Obviously, subject to cost 
constraints in quite a number. Most of the treatment plants, for example, in Kingston are operated by 
125 the NWC who I think you will have met with. And so we would have said to them, "We know that 
there may be financial constraints in bringing the plants to a state of the art situation, but at least 
indicate to us within a reasonable time frame, 2 or 3 years, what are your strategic plans that you are 
making to satisfy the water quality standards for the facility.
140
155
130 LAM: Is there a uniform quality standard across the country?
LM: Just about, yes. It would have been difficult to deal with site specific water quality. Just because 
of the different competing entities and demands that are there. So I think just to put some standard in 
place there was some agreement that we would have discussion with various industry and somehow 
135 find some middle ground in terms of the numbers that emerge that would at least have everybody 
reasonably satisfied. It was a sort of equitable set of standards. So, there was extensive discussion 
with industry and other government agencies in the process.
LAM: Have you ever toyed with the idea of environmental taxes or permits or something?
LM: For the people who have been exposed to environmental economics, yes, the notion of a pigovian 
tax is something that we have contemplated as a country. We have toyed with the notions of people 
posting bonds performance type bonds. But it's sometimes difficult to. We are fairly. We're a sort of 
heavily taxed society, and so in circumstances such as ours, every time you impose some new level of 
145 taxation it could very well be the straw that breaks the camel's back, and this to some extent has 
probably prevented us from readily going to an environmental tax. Though people know that it exists 
and people know that certain developments have to post bonds. And I think in one sector, certainly I 
think in the aggregate or the limestone mining sector there is a bond requirement before you actually 
get your license I think as it relates to potential or future rehabilitation activities. So, gradually, we are 
150 moving in that direction. I would think. But it is constrained to some extent by the economic 
circumstance of the country.
LAM: Are there any, in brief terms, what are the main industries which are impacting on the water 
quality in Kingston Harbour, say?
LM: I would say sewage, right now, is probably the major impact in terms of raw, poorly treated 
sewage into Kingston Harbour. It is reputed that probably as much as 20 million gallons a day of 
untreated or poorly treated sewage gets into the harbour on a daily basis.
160 LAM: Is that coming from the groundwater too?
LM: Some is from groundwaief. Because the waste disposal would have been by a sort of soakaway 
pit system in many parts of the suburbs of Kingston and St Andrew. And those, just by the normal 
movement of groundwater and the scavenging of these soakaway pits, would end up somewhere 
165 subterranean but well in the harbour itself, and then some of them come in directly from the treatment
facilities that are around.
LAM: Are there any heavy industries which are impacting or are they pretty well regulated?
170 LM: No, the industries, while they may have had some minimal impact, they are not heavy polluting
facilities, so that you'd say this was a 50/50 contribution. The contribution is probably 80% wastewater 
and 10-15-20% from other sources. Another major contributor is solid waste, in the sense that there are 
something like 19 gullies and 2 rivers which empty in the Kingston Harbour. These gullies are the sort 
of city storm drains, and there are about 19 of them and so any solid waste that is put in them way up, 
175 whenever you have a significant rainfall then they ultimately get flushed into the harbour as well. So 
that is also a serious contributor.
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LAM: Does stormwater quality, or water quality as a result of storms, come within your remit as 
NRCA?
180
LM: It would but it is treated as sort of spike type events and you know, usually you know that 
probably the greatest impact will be as it relates to the solid waste. The impact of solid waste entering 
the harbour, which has implications for things like the draft of the harbour in terms of its ability to 
accommodate certain size vessel because you change the bathymetry of the harbour, just by the 
185 accumulation of solid waste in it. So I would say that that is why we have given it a greater 
consideration than the overall impact on water quality. That comes fairly diluted and it is really 
rainwater flushing the storm drains so I think the greatest effect would be the solid waste and sediment 
that it carries into the harbour.
190 LAM: Is that a responsibility of the Ministry of Works, then?
LM: In terms of the. Well, the gullies were, sort of, constructed by the Works department. There is an
entity that deals with solid waste disposal in the corporate area known as the Metropolitan Parks and
Market, who has some responsibility for dealing with solid waste management. Getting gullies cleaned 
195 and drains cleaned. So to some extent yes, they would be responsible for what is contained in the gully
when you have a significant rainfall.
LAM: But it appears to fall between several different ministries or authorities' remits.
200 LM: It would be straightforward. The major issue is whether the resources are available to do regular
cleaning of the gullies. But I think everybody knows that gully cleaning is the Parks and Market's 
responsibility. It's probably maintained fi’om an engineering point of view for integrity by the Ministry 
of Works, to make sure that it's not falling apart or it's not cracking up or something like that. But the 
issue of whether it gets cleaned or the frequency that it ought to get cleaned and there are other 
205 elements related to this. How the public view or how the public deals with the gullies. Where people
throw their solid waste material into it as a disposal mechanism and that, in turn, you can't police 
against that. And so that is related now to probably the culture of the people who live in close 
proximity to these drains.
210 LAM: OK, thanks. If we look at the planning of sludge disposal, I suppose. What happens to that at
present? Is it used in landfill?
LM: I think there are some circumstances where people will take it off and probably use it for 
agricultural purposes but there is a major stigma about using sludge as a soil remediation material in 
215 Jamaica. In other cultures it isn't a problem but because the waste is really a representation of human
waste a lot of people aren't happy and comfortable using it for agricultural purposes. So it is, it stays 
there and sits or, we are just now establishing a proper sanitary landfill, so I'm not quite certain what 
material they actually use to cover but I don't think there is any systematic collection of the sludge for 
covering solid waste. Not as far as I know.
220
LAM: I just wondered if it was used in energy recovery at all, because that is someihing which is 
touted at the moment.
LM: No. Most of the energy is obtained fi*om diesel and gas turbines, and a couple of hydroelectric 
225 plants, not much energy being converted from waste.
LAM: If we look at, I guess you're not really involved in locating treatment facilities, wastewater 
treatment facilities?
230 LM: No. Personally. We don't have much to do with the location of these. You know, wherever it is
going to go, we ensure that it is sort of compatible with other developmental arrangements in the area, 
and indicate what water quality standards it's expected to meet, but tiie actual physical siting isn't part 
of our responsibility.
235 LAM: Thanks. Presumably the indicators which we look at water quality and inputs and outputs and so
on are pretty much the standard BOD, suspended solids, faecal coliform.
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LM: Yes. pH, BOD, turbidity levels, that sort of thing. Faecal and total coliform.
240 LAM: Do you think there's any reason why they are, I don't know. Are there any others which might 
be more specific to Jamaica or to a tropical climate or do you think they're fine?
LM: No. I think if you do your reading and you get a high faecal coliform you will get a sense that 
sewage is one of the major. There are direct correlations between the parameters that you measure and 
245 some of the polluting circumstances of the country so, you know, I can't think of anything that we are 
not currently using that would be more relevant to our circumstance, no.
LAM: OK, fine. If someone were to come to you with a new treatment process, how would that 
process occur? Would they come to you and you would give them some idea of its feasibility then they 
250 go back and do a more detailed thing?
LM: No, we wouldn't give them any idea of its feasibility. What we would probably say to them is 
that, "This is the standard that you need to meet. It doesn't matter what the process is. You now need 
to convince us that the new process that you are proposing can actually satisfy the water quality 
255 standard that we want." The real concern is that some of what goes on in terms of the inner workings
of the facility, whatever comes out of the end of the pipe. Because our concern is the overall impact on 
the natural environment. It doesn't matter what the internal processes are. Can the end of the pipe 
satisfy the water quality standard?
260 LAM: It strikes me there's a move, having spoken to various people, there's a move firom mechanical
systems of treatment to waste stabiUsation ponds, that kind of thing. Do you have a view on that? Do 
you think that's a good direction to go in?
LM: It probably is for the simple reason that the plants that we have that have malfunctioned or are not 
265 properly working have been mechanical plants that have just not been maintained. Maintenance
becomes a problem over time. The plant will be set up with all the good intention and for whatever 
reason the long term maintenance of these facilities somehow don't work out and they end up posing a 
problem for you. Or they break down or they require a part that has to be imported etc etc. The sort of 
facultative ponds, the holding ponds approach that have been used rely less on maintenance to work, 
270 rely more on the natural systems. A lot of the breakdown is done by sunlight. A lot of the polishing is
done by reeds and other vegetation that get associated with some of these. And so at the end of the day 
you have a system that maybe fi-om a long term maintenance point of view is far more effective in 
accomplishing the task than some of your mechanical plants that you have invested in twenty years 
ago. So, yes, this is a trend that has obviously been occurring. Another thing that has been happening 
275 is that you tend to see more proposals that involve recycling. Where people are saying now that some
of the treated effluent can now be used to water the lawns of the property, depending on the acreage 
that you're dealing with, or be used to water the golf course if there's like a major hotel development. 
So there are more innovative approaches to using the wastewater. Recognising that the effluent, the 
treated effluent, has almost a fertiliser type value. As well as extensive areas that you wish to be 
280 watered. Then they represent a saving on the fertiliser and a saving on the total potable water that you
would have used to water that particular facility.
LAM: Do you think the economic benefits firom that kind of scheme are sufficient to overcome the 
stigma which, you know, is common, pretty much world-wide? For it to spread further? Will it become 
285 quite a common thing to recycle wastewater?
LM: Again, it depends on the culture. It depends on the economics and the circumstances. I don't see 
it being used by people in this country for anything more than what I've just indicated. Watering of 
lawns and golf courses and gardens, you know. Where as I don't see people getting to a point where 
290 they would use it for domestic, any domestic activity at all. Depending on how well treated it actually
happens to be. So, yes, whatever economics can actually be gained by that particular usage is probably 
what we'll obtain in our growth. That's probably the most economical use of it anyway. In terms of 
what it costs to get it to the level of quality that it could be used for anything else.
295 LAM: I don't know if you know the case of the Thames, but the waste stream of London, I think it's
recycled about eight times or something. So, they've actually proposed at some point for the effluent to 
go straight into the supply, but people objected to that for obvious reasons. So, it's actually just
Appendix B8: Transcript of interview with Learie Miller,
Natural Resources Conservation Authority
dropped in about a hundred metres upstream. So, it remains a river for a hundred metres then it's taken 
in again. But effectively recycling wastewater for supply. In terms of communication between 
300 stakeholders, and if we first look at just the authorities involved in the decision making process, with
regard to wastewater management, do you think that there's sufficient communication or do you think 
that there are mechanisms which might be introduced which could improve it?
LM: I think that there is sufficient communication between the government stakeholders. I think the 
305 critical issue is where some private developer comes into the process, because they need a license to
discharge effluent. That's one of the things that has to be granted by this organisation. There's a 
license to discharge effluent. There's a permit to construct the sewage facility. And the detailed 
designs are usually done by the Environmental Control Division of the Ministry of Health. So there's 
almost a collaborating. No one agency signs off on your sewage system that you want to put in. So 
310 there is a fair amount of collaboration at that level between the agencies. As sort of permitting entities
in the whole process.
LAM: How about if you go outside that realm? Stakeholders like the public and maybe environmental 
pressure groups. Do you think there is sufficient opportunity for them to get involved or to have an 
315 opinion?
LM: It depends. Yes, a process makes provision for public presentation of a particular development 
and we try to treat all our EIA's as public documents and documents in the public domain. I'm not 
quite certain that the same approach is adhered to by other state agencies. Admittedly, the whole 
320 question of public involvement in decision making is probably far more established in the town
planning and more recently environmental area than it is in say the Ministry of Health or any other 
sectors in the wider society. So in that regard there are mechanisms that we've put in place to facilitate 
NGO's and other environmental groups participating in the environmental decision making process. 
Though if it doesn't exist for the Ministry of Health or somebody else then it becomes hard to, unless 
325 you change policy, you know, it becomes hard to implement, so to speak.
LAM: Do they literally get involved in committee meetings? Have you got a representative of a 
community group or a lobby group?
330 LM: No. We haven't gotten to that stage.
LAM: Do you think there's potential, with something like the internet for that to be, like, a debating 
table? If there's a common resource for a particular project?
335 LM: It could work, except that the obvious constraints in a country where computing and internet
linkages are a concern. And you also run the risk in a society like this of getting only one person's 
biased or jaundiced opinion. You know, the person with the most income, with the access to the 
technology, will probably be the one who'll dominate the discussion that would entail. And this is far 
more critical in a developing country than it is in the developed world where a lot of people in the 
340 developed society have the time and the luxury to sit back and philosophise and speculate and to give
serious thought to what is being conceptualised and proposed from a developmenial point of view. The 
opposite is probably the reality in developing countries where people are so caught up in just surviving, 
you know, on a daily basis. Are probably not as well educated as their peers in other parts of the world, 
to the extent that when the debate is opened up, their contribution is not as extensive as it would be for 
345 somebody similarly placed in a developed society and this is one of the realities that the whole public
involvement process which is well established or well ingrained in many parts of the developed world 
has to make adjustment for in a developing country scenario. Because you tend to get the same voices 
echoing the major concerns, and these concerns could well be biased concerns, but they have the time 
to be able to, Üiey have sufficient knowledge to make an educated contribution, and they have the 
350 technology, if it's by e-mail or internet or something to access and get their views heard, and so you
now have to make a determination whether you're getting sort of one-sided broadside on the particular 
issue or whether you're getting balance and information that makes it meaningful.
LAM: I recently studied a situation somewhere near London in the UK where a company were trying 
355 to build an incineration plant, and apparently there was a group protesting, and because of the need for
the local newspaper to have balance in its stories, it would give each one equal weight. When I looked 
into it, it turned out the opposition was actually this couple with a computer, who just spent all their
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time sending press releases out, and were just basically well informed about how to manage the press. 
So, you know, you can get bias in any situation.
LM: I mean, there are other issues. One of the things we look at in Jamaica, for instance, is that the 
same sort of activity, rather than people opposing it, you get people supporting it, not because it is 
necessarily inherently good for the area, but because it is a source of potential employment for the area. 
So you have to take things like, "What are the economic circumstances of the area in which you're 
365 targeting for this developmental activity?" and, "What are the issues that the citizens of this area are 
going to generate?" and I've gone to many public meetings, and the issue isn't about the effluent stream 
or the waste from the stack of the facility, and what are the implications or whether there are any 
carcinogenic material to be used. The issue is, "How can I get work with the new facility? Because I've 
been unemployed for an extended period of time." This represents an economic opportunity for the 
370 community. And that changes the objectivity with which people view the development that has been 
proposed.
375
LAM: OK, thanks. Are you aware of any situations where facilities for treatment or even collection, 
for sewerage and so on, are they managed by the community?
LM: Not that I can think of.
LAM: Do you think that's a feasible thing to aim for?
380 LM: It could very well be but again its dependent upon the sophistication of the system, the resources 
that that community would have at their disposal, and the willingness on the part of the community to 
undertake the maintenance of the facility. In other words, it is dependent on four or five critical factors 
that probably have to fall in place, almost like the stars being aligned. To make it a practical idea. The 
long term maintenance of the facility becomes important. I suppose if you're giving the community the
385 resources, and there are some checks and balances and some management things in place, then it 
probably could work, and I believe community's are prepared to take on some of those responsibilities 
at present, but I don't know of any case where it currently exists. I don't say it don't happen but just in 
terms of all the systems that I can think of at the moment, I don't know of any.
390 LAM: There's a disparity that I see, because it's commonly said that there should be community
ownership for a system to work well, whether it's wastewater or whatever, but then for an authority to 
hand over control to a community seems like quite a large step. And you've just said there, it needs 
everything to lock into place.
395 LM: And resource constraint is a major, major, major difficulty. You know, how do you treat with, 
you know, this area budgeted for x amount and somehow the budget has been adversely affected by a 
hurricane. I mean, there are common phenomena, you have some funds earmarked, and a hurricane 
occurs and all of a sudden you have to divert funds to deal with emergency things related to the impacts 
of that hurricane. And then you find that x amount that was budgeted for that activity is not in the
400 budget anymore. There are little certain realities like that that you have to contend with tiiat sometimes
makes it not so easy to sort of allow the cornmunity who'll get it to manage and distribute that resource 
earmarked to do it.
LAM: In that case as well, I guess, an authority is easier able to transfer funds from elsewhere where as
405 a community, you know, obviously won't. If we look at p^i-urban areas, I know in Kingston it's
slightly different because the low-income areas are the old downtown which is, you know, pretty much 
the opposite of the common conception, because that's the sewered part of the town. That's got the 
water supply. But if you look at low-income areas, how are they best provided for in terms of 
wastewater management do you think?
410
LM: I think it all comes down to the infrastructure, and as you have just indicated, a lot of the urban 
core is actually sewered. And a lot of the areas are in which you have your, sort of, poor community. 
That it really shows whether that material gets properly treated ultimately.
415 LAM: Finally, there's an argument for sanitation to be decoupled from water supply, and I don't know
which is the best way, but it could be argued the other way that, because sanitation tends to have a 
lesser priority in the minds of a lot of people, it could be argued that if it's at least coupled then it gets
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dragged along at the heels of water supply. Do you think, then it's perhaps the prioritisation perhaps 
420 sanitation per se, do you think there's an argument for decoupling?
LM: Could be. There could be an argument for it. I suppose when you find yourself in the economic 
circumstances of the country then one of the steps you try to take is to reduce the administrative 
bureaucracy that exists within the country, and if you decouple the two you're probably creating a new 
sanitation bureaucracy somewhere, somehow. If there is an understanding that a lot of the places that 
425 are sewered really want a water supply to make the sewer system work, then it's probably, and the
water system already has a billing system in process there are a number of things already in place that 
probably makes it logical to continue the two currently as it is in Jamaica. Maybe if we had to do it all 
over again from the start, maybe we could have adopted a different approach, but I don't see why, if 
you recognise that part of your revenue that you obtain comes from sewage, then my contention is 
430 there s no reason why it shouldn't be paid some attention as it has implications for the revenue stream
of the organisation, and it will be interesting to find out even in terms of our own domestic situation, 
the percentage of total revenue earned by the NWC comes from sewage, from sewage rates that are 
collected. Is it a quarter? Is it one fifth? One tenth? Whatever it is, I still believe that it is a major 
contributor to the revenue stream. It is true that there are areas where water is provided where there are 
435 no sewage systems in place and so sewage doesn't apply in those locations, but the fact is that it still
makes a contribution to your overall operation, and is a contribution which doesn't cost you a lot to 
collect. Let s face it, if somebody doesn't pay their water bill you have to send somebody to go and 
disconnect. There s more maintenance cost, it would seem to me, associated with providing the water 
supply than it is with the sewage once you've got your plants functioning and properly maintained. I 
440 don't know, that's my opinion anyway.
LAM: If we just jump to. I've spoken about environmental economics and the valuation of the 
environment, do you think it's fair to say that in the case of Jamaica or any other island really of a 
similar size, that the fact that any environmental impact which does occur as a result of wastewater, 
445 there's a really short feedback loop.
LM: It doesn't because it's, overall, impact is seen as a cost to the society rather than a cost directly 
related to that particular activity. And, I mean, it can be extended to things like even the security of the 
water supply. The water supply is accepted as a given, and probably very little investment is made into 
450 watershed protection to ensure the sustainability of the source that is being tapped for the supply, so it
occurs at both ends. It is ignored at the source side of things and is also ignored at the impact side, in 
terms of the impact 
on the environment.
455 LAM: It strikes me that the impact, though, feeds directly back into the economy quite quickly
because, you know, it will impact on tourism, on the reefs, whatever, so it's quite short, sharp, shock if 
you suddenly find that, well. I'm told that the reefs are in trouble.
460
465
LM: Yes, they are.
LAM: Wncrc as in Europe, you could quite feasibiy discharge into a river, and then the impact's 
occurring five hundred miles away, so it's not really a problem for that economy.
LM: No, it translates itself much more quickly and directly in our circumstances.
LAM: Do you think for that reason it's probably become more prominent within the political 
framework, then it might have done elsewhere.
LM: Well, you d like to think so. But the issues, I don't know if we have been systematically costing. 
470 People have alluded to it but I don't know if, barring one or two examples that there has been a 
systematic costing of the impact of the activity on the wider society.
LAM: But it strikes me, speaking to people, that it's appreciated that that's the case.
475 LM: Yeah, they know, they know.
LAM: OK, I won't take any more of your time, that's been really valuable, thank you.
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LM: Fine, fine.
480
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5
Interviewer: Leon Miles
Date: July 20^ 1999
10 Location: European Commission (Jamaica), Kingston, Jamaica
PC: Peter Collins employed by the European Commission on a contract to work with the National 
Water Commission of Jamaica. Normally this post would be based with the National Water 
Conunission, but in fact I'm based in the delegation at the moment. I will have been here three years in 
15 October, my contract will be finished then. I shan't be renewing in Jamaica.
LM: For what reasons?
PC: I'm Jamaica'd-out. I find that I'm not seeing the wood for the trees maybe, I shout too much when I 
20 shouldn't do. I shout when I should do as well, but I can't cope with the hidden agendas and the, well,
we'll call it hidden agendas for the tape.
25
55
LM: With regard to the EC's recently published guidelines where you say that you've experience with 
one particular project, could you just briefly go over that, and then we'll perhaps talk about it later.
PC: Okay, the project... the latest project is the Rural Water Supply phase 2. There was a rural water 
supply phase 1 for which the agreement was actually signed in 1988 and we're still struggling to finish 
it. We had an evaluation study done last year by Babcock Water, which is now I think Earthtech if you 
wanted to follow up with them. And basically the things that came out of that was that there hadn't 
30 been, well the project in itself was perhaps a success in that a lot of people have got water who didn't 
have water before, but it's taken a long time to complete. A lot of the schemes are already inadequate. 
Unaccounted for water is very high. The main findings (scrabbles for papers - a copy of the Evaluation 
study). That's right, the lack of documented criteria for selecting the scheme, technical institutional 
capacities of all parties involved required strengthening, estimates were unreliable, sustainability was 
35 not given sufficient thought, unaccounted water high. But they did recommend that we went on to
phase 2. So taking account of these finding this we've just completed the feasibility study for phase 2. 
This was based on an identification approach.. We had 11 potential schemes, and the idea was that the 
consultants would look at those schemes to see which of them could be best accommodated within the 
available funding envelopes and within the guidelines here (indicates evaluation study). So this time 
40 round we're going to make entirely new mistakes. We're going to approach it in a different way to try 
and get it done quickly, to try to make it slightly more sustainable and also to use it as a pilot project to 
try and strengthen the capability of the National Water Commission. The NWC is an appallingly inept 
organisation in its operations side. They've started to improve their planning, but on the operations side 
there are no plans, there are no schedules, you've got unaccounted for water of over 80% in some areas. 
45 These phase 2 projects will be added onto existing water supply schemes. We will work to try to
improve, in conjunction with the National Water Commission, the operation and maintenance and there 
will be -, we're hoping to put in a pre-condition, this time, that they've got to have set up a proper asset 
management programme. Something which is auditable, and without this we won't proceed. All too 
often conditionalities are put in and everybody forgets about them until the end of the project. So that's 
50 the scheme. That's where we are now. We've just got the whole report in and will be discussing it with
the local authorities to make sure they agree with, the findings and the basis for proceeding with the
scheme, the conditionalities for proceeding with the scheme - the sustainability issues, the community 
issues and also perhaps on the side - sanitation issues. These issues may well have come out during the 
study but at least this will give us a structured approach to check them.
LM: To go back to the guidelines you say they've been involved with the second feasibility study, or 
the feasibility study for the second stage for the water supply scheme, and you mentioned previously 
you felt the guidelines as a document fell between two stalls. Could you perhaps give me some 
feedback on the guidelines themselves regarding the format?
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PC: Well, the format; the problem is that as a document, as a working document it is intimidating by its 
shear size. In this respect it's neither a textbook nor a working manual. It would have been better to 
have produced something the size of the project cycle management manual. This would gave you the 
clear steps to work through and then refer you to perhaps separate related volumes. I think that this 
65 would have been a lot more user friendly and a damn site less intimidating than this one. Its approach 
does a lot to enhance our reputation for bureaucracy. I think that some of the introductory things, well 
they're nice to put in but whether they have a place in a working manual, I don't know and anyway 
they're going to become dated very quickly. So I wouldn't have put in much of the introduction, or if 
you wanted the introduction, have Âat again as a separate volume - the background to the manual. 
70 Break the manual down into - you know how you get these software packages - separate volumes. I
feel something like that would stand a better chance of actually being used.
LM: Yes, it's something to take into consideration and as I say I'm developing a cd-rom further.
75 PC: That's a very personal view, but certainly I find this thing (the manual)- because it's so big you
don't work through it. You tend to jump. It's very easy to start jumping around it.
LM: I guess that avoids the holistic approach which we're trying to advocate. How about the type of 
questions which are asked in the actual checklist? Personally I'd say they are quite vague and 
80 necessarily generic, since it pertains to apply to every water resources management issue. In that 
context if they're used by inexperienced practitioners then there's too much subjective...
PC: Yes, you're probably.right.. You ask the questions. But inevitably you don't get a straight answer 
and it's that aspect where you may run into trouble unless you've got people who know what you're 
85 doing. And also there's the tendency to give the answer that you think the manual wants.
LM: Yes I see what you mean.
PC: You know on this rural water supply one, one of the things we followed up with the government 
90 was sanitation. At the moment in these areas there is not a proper water supply. If we put a proper
water supply will this affect sanitation? What are you going to do about it? And we got a lovely letter 
back saying 'yes we are looking at this' - 'there, there, we're happy carry on'. So we've got to put some 
pressure on to follow it through. Okay it's implied in here but...
95 LM: I'd suggest that the main value of the book was just as a checklist effectively, just to make sure
that everything's considered, but you still require experienced practitioners to carry it out.
PC: Well, it's useful to trigger thoughts, some things on some projects are going to be much more 
important than others so somebody's got to understand this. You couldn't pretend that you could give 
100 this document to a layman and they could do the report. You could give it to the layman to ask 
questions, and it's possibly useful in that for example when a project is being checked in Brussels or 
wherever, to see that in fact everything has been looked at. Because very often you write a report, and 
on the ground there's something so bloody obvious you don't put it in ilie report, but you need to find 
out whether it's been dealt with.
105
LM: Okay, thanks for that. We'll probably return to the issue of the guidelines later on. If I could, I'd 
like to go through some of these questions. Basically, if you give me feedback on the nature of the 
questions, or how relevant you feel they are to Jamaica especially, then that would be helpful. In terms 
of institutional management principles, what kind of policy objectives and economic factors do you 
110 think it's important to consider in an urban sanitation and/or waste water management project?
PC: Perhaps the easiest way, is if I speak specifically about the two projects we're just finishing these 
are the sewage schemes for Negril and for Ocho Rios. Neither really counts as urban, but they're not 
rural either. They're the major tourist towns and the schemes were put in there primarily for 
115 environmental protection and public health because of the tourism developments in those areas. If you
destroy the environment people won't go there, or if everybody starts to go down with typhoid or 
cholera it doesn't do much for the image of Jamaica either. So these were the prime rationales for the 
scheme and in fact tied in with those, we funded, or rather the European Union funded an institutional 
strengthening programme for the NWC - it didn't work. It was a lot of money, in fact 3 million euros
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120 were set aside for it. However, there was an upheaval in the NWC and the people had been looking
forward to change improving operational maintenance, decentralising, business oriented, customer 
friendly, etc, moved out. There was major investigation, corruption etc and you've got a whole group 
of new people in who were paranoid about the institutional strengthening. They believed that company 
coming in for the strengthening was setting the NWC up to take it over. So it helped individuals 
125 improve but it didn't change the culture of the organisation. That's been a big disappointment. Even
now it's taking continual pressure on the Water Commission, so that Negril and Ocho Rios schemes 
don't turn into another Kingston. You've got a new system. If you look after it you can keep it new, you 
can make a big difference. But you've also got new customers and if you deal with them properly 
maybe you can stop people abusing the system. You've got a chance for new connections so you 
130 should be able to control roof water, yard drainage, things going into the system. It's frustrating, but it's
moving in the right direction. It's got a long way to go but what's very satisfying is that, the classic 
beneficiaries of the project are getting involved. It wasn't foreseen at die start of the project but the 
beneficiaries that is the Chamber of Commerce, Hotel Association, the Coral Reef Protection Society 
etc are getting involved. That has worked well, but we've still got in the Water Commission an 
135 organisation which is so centralised - no decision-making so they're unable to respond, nobody will
take any decisions. Sorry, lost the train...
LM: No, it's interesting. That's one thing that's come through when I've been speaking to people is the 
fact that there's a very fast feedback between environmental degradation and. It feeds back directly 
140 into the economy and the fact that the Chamber of Commerce get involved, is something which might
not happen in Europe where, if you pollute a river the impact's 500 miles away.
PC: What really brought it home in Negril, is that this year's winter storm has eroded the beach and 
there's now the realisation that the offshore coral reef which is now 95% dead is allowing the seas to 
145 come in. We've now got people there saying, 'Get people connected to the system'. There's also the
realisation that there are people there who won't be connected and they've got to deal with the squatters, 
pit latrines and agriculture. There's been some interesting research done to define the different 
signatures of the nitrogen in the water between the agricultural and sewage, domestic. So here at least 
there is a working together to make the scheme a success, but, you know, one of the problems that 
150 wasn't foreseen there, and it's actually not mentioned in here (refers to guidelines). It talks about the
cost of service, but it doesn't talk about the cost of getting people connected to the system, and the costs 
of modifying existing drainage. You know the big hotels are no problem, but for die small businesses 
and houses, the actual cost of modifying the house drainage to connect in, is in many cases prohibitive - 
especially in parts of Negril where digging through rock is involved. In the original project proposal it 
155 was foreseen that people would be persuaded or asked to connect. However when you start looking at
the real numbers the flaw in this argument is obvious. Imagine - you've got something where sewage 
disappears, plop, down the sink hole in your back garden doesn't cost anything and works perfectly, 
and then somebody asks you to spend a couple of hundred thousand dollars - that's four, five thousand 
pounds - to connect to the system. Certainly if I was doing any projects in a developing country I 
160 would include house drainage modification and connection to the system in the project, as a cost.
Okay, you've got to get something from the customer, the user, but drive it through the project. That's 
something that's really been brought home to me people are all in favour of connecting until they get 
the pain in the back pocket when they see what tlie numbers aie. You need to get everybody involved 
and make the cost of connecting reasonable. You can also tie this in with that customer responsibility. 
165 All too often sewer systems fail. Ok bad management, but also bad customers- somebody's allowed
seawater into the system, or tipped a dead dog down a manhole, so the system fails. But if you can say, 
'Right, we'll connect you for next to nothing, but you sign this list and if you do something naughty you 
agree to pay the full amount.' You've got something that is a lever. You've got to take the project right 
the way through. All too often affordability is related to, 'Can people afford the recurrent charges?' - 
170 but not the connection cost. You know, water connection's are not a problem, well generally not a
problem. Although in stage 2 Rural Water Supply project we're suggesting not to give people free 
connections, but to allow them to pay for the connection cost over a period with their water charges. 
The scheme I did in Turks and Caicos Islands, a new water scheme, all the connections to the boundary 
of the property were incorporated in the project. So, you get people on your side that way, get the users 
175 in. At the moment, in Negril for example, out of possibly a potential 700-800 properties which could
be connected immediately and where the laterals have been provided, we've got about 30 properties 
connected. Now, okay, they're the big hotels, the bulk of the users, we might be taking 50% of the 
sewage flow already, but to get the rest on it's a tremendous problem.
Appendix B9: Transcript of interview with Peter Collins,
European Commission
200
180 LM: Do you think people see sanitation or sewerage as a priority, or would they rather. If they've got 
5000 dollars I'm sure they'd rather spend it on something else.
PC: If you ask them in the abstract, they'll agree to do it, but when push comes to shove, they'll put it 
off. Under Jamaican law, you cannot enforce connection and anyway, I doubt if politically if it's 
185 practical. You know, you've got areas of Kingston where sewers were put in 10, 20, 30 years ago 
where you've got only 20% uptake. You haven't got the return, you haven't got the environmental 
benefits and operation becomes very difficult if you've got low flows in a sewer. So, schemes need to 
be designed to get the maximum utilisation as soon as possible. And if it means helping, I think it's, 
you know, cross subsidy from somewhere else then I think it needs to be done. Do it within the 
190 project. That's my present bee in the bonnet.
LM: No that's great, thank you. Next question is, where you do find out about other projects in order to 
benefit from previous experience. I'm thinking in terms of who you might consult, or whether a library 
is available. I'm sure within the EC it is.
195
PC: Unfortunately, it is largely folk memory, within the organisation. People who've dealt with other 
projects, from experience. You can also get information at things like the CWWA (Caribbean Water 
and Wastewater Association). You talk about projects and problems, but unfortunately it doesn't go 
back a long way. There's probably room for some, you know...
LM: I was wondering if there was. I've asked a couple of people if there's the feasibility of having like 
a best practice database, or something, for Jamaica or for the West Indies, whether one exists or could 
be set up.
205 PC: I'm not sure, the problems are not necessarily just in design, because that moves forward, there's 
enough expertise, you know, you're picking experienced consultants. The problem is dealing with 
perhaps the logistics of implementation or subsequently the users getting the connection and making 
them be responsible. There's an awful lot of effort goes into saying 'We want ponds, we don't want 
treatment ponds, or we want this type of sewage system, or I want above ground pumps.' In the end, 
210 you can choose almost anything. It's very rarely that a design is so egregious that you can't make it 
work. What matters, is the people operating and maintaining it. Dealing with the system, the sewers, 
the pumping stations. I went and had a look, several years ago, at a pumping station in Montego Bay 
and I've always used this as an example. The fence was down, the wet well sump was open, the 
grounds were strewn with rubbish. Inside the pumping station, one pump was operational, the bits of 
215 the other pump were spread across the floor and one of the electrical panel doors was open. Now, even
with the best design in the world, if that's the way you're dealing with it, forget it. The effort needs to 
go to looking after the system, trying to make it work as intended and that's got to apply to both the 
institutions running the system and the people using it. Maybe for this sort of thing community 
involvement is the answer where they can deal with the Water Commission and say 'Well this has 
220 broken down, why haven't you fixed it?' or 'There's a smell here, why?' But also they can deal with the
people using the system, so, you know, 'Why are you allowing so much fat or sand into the system?' 
The only worry is that at the moment that the community organisation in Negril tends to be a bit 
bemused by their own glory rather than actually making an input. But hopefully something good wiil 
come out of it.
225
LM: Do you think there's then potential to collect that kind of experience? In terms of how institutions 
should be set up and how the people side of things should be managed, or is that too much on a case by 
case basis?
230 PC: Well I think in general, you need to get people involved. There needs to be a culture of openness. 
At one of the meetings when the terms of reference for the community organisation I wanted the 
community to have access to the budget of the Water Commission in Negril and Ocho Rios so that we 
could balance the revenue and where they spent the money. And the NWC refused. They would not 
budge on that. So it's not open and transparent.
235
LM: With regard to community participation, are there formal mechanisms through which communities 
are involved in the decision-making processes?
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PC: At the beginning? No. Notionally when we were, for example, looking at the Rural Water Supply 
240 Project the consultants doing the investigations, spoke to the local MPs, the local community leaders.
They were asked to do this but there isn't really a formal procedure.
LM: The majority of times I've asked that question of people there's no formal procedure comes up. 
People say it's easy for the people to make a stand, to stand up and make a noise, but it's not a formal 
245 procedure.
PC: No, it's not. It doesn't exist. Community education. One of the difficulties, you cannot expect a 
community to behave responsibly to a water or sewage system if the organisation operating it is not. 
One of the earlier water supply schemes involved refurbishing part of an old system as well as 
250 constructng a new part. The contractor he was asked to do repairs to a service reservoir, clean it out and
do a test on it. He complained, at one meeting, that he couldn't do tests on the reservoir because the 
community were coming there, opening a lid and taking water out by the bucketful. I went up to the 
reservoir and was talking to someone who came along and they said, 'There's almost never any water in 
here anyway, so when there is we take it.' He was oblivious of he dangers of this, falling in, cross 
255 contamination etc. It's got to be a two-way thing. You've got to have a responsible organisation before
you can have a responsible community, in part the Water Commission tries in Jamaica but equally 
there is also 'We are the Water Commission, we know best.'
260
LM: Do you think that's something that's coming from way on top.
PC: Yes.
LM: You say there are moves, or are there moves to reform it?
265 PC: There is a recognition that there's got to be change, but the logo for the Water Commission here is
"Water is life", it should be "Water is power." You don't want to let go of the power. Effectively now 
all decisions go back up to the top. It means that decisions don't come, or nobody is willing to take 
decisions. Unfortunately it's a cultural thing in Jamaica. If something goes wrong and inevitably if 
you're running a system something will go wrong here instead of having a culture of getting it fixed, it's 
270 a culture of who can we nail to the wall and bLMe. So again, nobody wants to have a decision on their 
hands. This is where you've got to change the culture, the technical competence is there, there's plenty 
of bright educated people, it's the culture of the organisation that is the change that is needed and 
unless that comes right from the top it won't happen.
275 LM: Right, okay thanks that's interesting. If we look at the planning process. Which municipal
authorities are associated or were associated with this project that we were just discussing?
PC: If we take again this one (the Rural Water Phase 2 Feasibility study) as an example, the Delegation 
actually let the contract at the request of the Planning Institute of Jamaica. All our communications go 
280 through the Planning Institute of Jamaica as the National Authorising officer, but involved primarily in
the study was the Water Commission. Also directly involved were Carib Engineering Corporation, 
more about them later, the Water Resources Authority, Ministry of Water. I liiink they were the ones 
who, just a minute, were directly involved in active consultation. Plus the various regional offices 
involved in the operations side in the regions we were looking at. That's right Planning Institute, 
285 National Water Commission, Carib Engineering, Ministry of Water and the Water Resources
Authority. One of the things this study brought out was lack of coordination. We were supposed to be 
checking plans for schemes which had been looked at in advance by the Water Commission in needy 
areas. I had said, we are not looking at schemes unless there is an identified source of water. You know 
you could stick a pin in a map of Jamaica and you would find an area that needs work on water supply, 
290 so if we're going to do something, do it quickly, we must have and identified source of water. But
when we actually came to study schemes, there was major conflict between the Water Commission 
proposal and the data provided by the Water Resources Authority. The Water Commission had gone 
and looked at resources without consulting the Water Resources Authority - You've met Basil 
Fernandez?
295
LM: I'm due to meet him tomorrow actually.
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PC: You would expect in an area like Jamaica there would be a shelf of water supply schemes, costs 
and priorities etc - it's not there.
LM: In the Negril and Ocho Rios projects were you also dealing with Environmental Control Division 
or National Resources Conservation Authority?
PC: NRCA, yes. Not so much the Environmental Control, but NRCA. In fact, the design of the 
305 parameters for the treatment process were agreed before NRCA came into being. It's the classic 20/30
and there's been some discussion since then, whether we should have put in tertiary treatment to further 
reduce the nitrate. But certainly in Negril the way the ponds are working at the moment, they're so 
underloaded, they're taking out 80-90% of the nutrient load. One of the things, perhaps mention at the 
same time, the EU is also funding the Negril Coral Reef Preservation Society. There's about a million 
310 euro allocated. They're doing monitoring of the effluent quality and the general environment in the
Negril area. It's one of the conditions of the scheme that NWC should monitor the environment but, it's 
better to have someone outside doing this work, because then they're trusted.
LM: How do you find working with the NRCA as compared to NWC, are they a more responsible 
315 organisation?
PC: Yes. I think so but my contact has been fairly limited. They can certainly see where they're going 
but whether in fact they can do anything is open to doubt, because it all comes back to NWC operating 
the systems. You can't say we'll shut NWC down because it makes the situation worse. There is a lot 
320 of shouting about emergency overflows and the pumping stations in Negril and to a lesser extent in
Ocho Rios. The concern was crude sewage going into the sea. Trying to get across to both the 
community and the environmental people that if you didn't have an overflow and if the pumping station 
fails there's sewage everywhere. It's probably better to have it as a point source (the overflow) where 
you can have a programme to deal with it. Again the pressure should go on the operating organisation, 
325 and it doesn't.
LM: The Coral Reef Preservation Society. Were they initially a grass-roots environmental movement?
PC: They were there before the sewage scheme was approved. It was the community in Negril who 
330 first put pressure on Government and came to the EU to help set up a sewage scheme. The idea to fund
the Coral Reef society at the same time was formulated subsequently. But it's funded from the budget 
line, it's not coming from the Jamaica EDF.
LM: And their responsibility is primarily to monitor?
PC: To monitor yes but they also do other things like putting in mooring buoys, swim zones, generally 
controlling fishing, managing the marine park area. Perhaps it's come about more by accident than 
design, but in fact it is quite a good integrated approach to that area. What you need now in that area is 
watershed management. Probably, take the water and sewage services away from government under a 
340 properly regulated utility. A sort of joint venture between a consultant or a major water company and 
the community to have a concession in the area for the provision of water and sewage services.
LM: You see that will be the best way to manage the watershed?
345 PC: Yes, and also to tie in with that the watershed management. Evidence points quite strongly that in 
fact a lot of the nutrient comes from excess fertilizer application. There's also some interesting work on 
the phosphorus levels. The phosphorus levels are probably more critical than the nitrate levels for 
causing algal growth. You could have high nitrate in the absence of phosphorus and you'd get no algal 
growth, but as soon as you've got sufficient phosphorus, it triggers the algal growth which kills the 
350 coral reef,
LM: With regard to that, the next question I've got deals with inter agency cooperation. So do you 
think there's scope there for Ministry of Agriculture to be working together with the Ministry of Water 
or?
PC: Yes. At the moment, I think the lender/donor agencies work well together. We have regular 
meetings to cry on each others shoulders and to try to see that we are working in a coordinated way.
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There is a tendency to play one against the other within government. Territories within government are 
very closely guarded. They're ring fenced. There isn't as much cooperation as there ought to be.
LM: Do you think there are mechanisms could be input which could encourage that or is it something 
which is too deeply engrained?
PC: Well, you could obviously improve it. The other thing is, and this is why I've been in Jamaica too 
365 long, is that in Jamaica there's no such thing as a potential problem. You do nothing until something 
happens. It's in part cultural and to be fair it's in part shortage of resources. Why deal with something 
which is not a problem today when you've got problems today?
LM: It's a classic firefighting problem
PC: It exists throughout the Water Commission organisation, and really, until you start putting some 
sort of quality of workmanship into the system, you're never going to break the cycle. You go out and 
look at some of the old waterworks which were built in the 50's probably, and they're still struggling 
on. They were built using proper technology, but some of the newer ones have completely broken 
375 down. They've never been repaired.
LM: Thank you. I think we've gone over most of that. You've discussed briefly the idea of 
public/private sector partnership and you saw it was quite limited in th eway it was.
380 PC: They are talking now about private/public sector involvement in the water sector because the
realisation is coming in that the system is going to collapse unless someone brings in money from 
outside. It is not being, in my opinion, properly thought through. Primarily, there's been a whole string 
of people coming in with wonderful schemes, but they're looking more at sort of BOOT for supplying 
additional water rather than looking at the problem as a whole. You cannot just supply water into a 
385 system where you're losing 60-70-80% of it. You're not getting revenue for 60-70-80% of it. The only
way could make it work is actually by making an incentive for somebody to deal with the system as a 
whole, combine the water and the sewage system, because the sewage revenue is tied to water sales. 
You've got the potential there for considerable improvements in service, but there isn't the willingness 
yet to let go. The words are there but the understanding is not.
LM: So you think a priority, if the private sector were to be involved, would be more to do with 
collection of revenue and running the existing system, rather than putting in new infrastructure?
PC: It's not just collection of revenue. There's got to be some correlation between the level of service.
395 It's appalling in many areas. If it's wet and comes out of the tap occasionally, it's water, especially in 
the rural areas. That's not to say you've not got a lot of people working very hard in the Water 
Commission, but there's no organisation, no system and limited resources. They're forever chasing their 
tails. Somewhere along you've got to break that and start to get out into quality. Take the Phase 1 rural 
water supply as an example, already in some of those areas there's 60-70-80% unaccounted for water.
400 Probably because of unrecorded connections and in mains, which have been poorly done and which
LM: So in terms of the National Water Commission do you think it would be feasible to spend money 
on institutional strengthening?
PC: We tried. We put in 3 million Euro. With hindsight, the basic reason it didn't work is because it 
was instead of helping them achieve changes they wanted to make, we were trying to impose changes. 
The original intention was that NWC, the organisation, wanted change, but then people who recognised 
the need for change went, new people came in and they saw it as the wicked World Bank trying to 
410 impose on them. There was no ownership. In fact, in terms of an organisation where previously there 
was devolved responsibilities it got worse rather than better. So to try to change an organisation 
without the organisation wanting that change, or at least somebody at the top understanding and 
wanting that change it's not going to work. With this one, you know, you can't expect a 10 million 
Euro rural water supply scheme to change the culture of an organisation. What we're hoping to do is 
415 that maybe if you insist, for example, that they put in proper asset management, asset records, that they 
realise that they've got to change their responsibility/structure/management, maybe that will work - I 
don't know, but it's worth a try. The idea, you know, of pushing change doesn't work.
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LM: It sounds like in that particular case it was quite unfortunate that those people left. Perhaps there 
420 were reasons for it, but.
PC: But, even then I have a shrewd feeling it was one person in the organisation who was writing the 
financial proposal and putting it together who saw the need for it rather than the organisation as a 
whole. It was a waste of money. The effort was there but we didn't get value for money out of it.
425
LM: Okay, thanks, that's interesting. Slightly removed from previous questions, but for peri-urban 
areas. It might be a slightly misplaced term in Jamaica.
PC: I don't know what peri-urban is here, do you know?
LM: How can informal systems come within the remit of municipal authorities and are you aware of 
any occasion where that's occurred? It's entirely different within Jamaica, Kingston at least, because 
the low income area is already sewered I understand.
435 PC: Well no it's not.
LM: I get the impression that downtown was previously sewered.
PC: The old part of downtown, a lot of west Kingston is. If you go to parts of downtown Kingston, if 
440 you go in an armoured car, there's parts there where housing and sewers were put in but not connected 
to anything. I think, you'll find in Kingston - that about 70% are not connected. You've heard people 
talk of scandalbags here - plastic bag, fill it and throw it in the gully.
445
450
LM: I've heard that one, yes.
PC: It stays in there until it rains and then it's all washed out into the harbour. So unfortunately.
LM: Do you think there's a possibility that whichever municipal authority can pull that on board and try 
to change things or are they too far gone.
PC: I think the latest figure to deal with the sewage problem in Kingston is in excess of 200 million 
dollars (US) I think it would be a lot more than that. I could well see it nearly being an order of 
magnitude different to that to actually deal with the problem as a whole. At the moment take for 
example if somebody puts in a little housing development. There are planning arrangements they put 
455 sewers in, put an ad hoc sewage works. There's a little ad hoc sewage works just down there which
feeds this development (points out of the window). But there's no legislation currently in place which 
would enable, say the Water Commission, to say, 'We want it designed to this standard and we'll take it 
over.' The Water Act on the sewage side is one page, which says basically NWC may declare an area 
to be sewered and may charge. There's nothing about what people can put in the sewers, design of 
460 house sewers. One of the things we are pushing through at the moment, through this connection thing, 
is to try and get them to look at the legislative arrangement so that any development that takes place is 
fitted to a common standard and perhaps within some sort of overall plan. There was a case recently 
out toward Yallas Where a developer had put in a development it had sewers, a little package plant and 
an outfall. He completed the development and walked away. And it's the district council's, no it's the 
465 water commission's, no it's still the developer's responsibility. In the meantime crude sewage is just— .
So there's a real need here to deal with this kind of thing. In Jamaica there is no, or very little, 
coordination.
LM: Would that responsibility be delineated in the new policy? When I spoke to NWC they were 
470 saying there's new policies coming out soon.
PC: Who did you talk to?
LM: They're under Desmond Malcolm, Albert Gordon and three other people. All from strategic 
475 planning.
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PC: There is a draft national water policy which doesn't say a lot. 'They are supposed to produce a 
water strategy. 'Take this connection problem in Negril and Ocho Rios. We've been making noises 
about providing money to help people connect but we've said, before we can even consider this, you've 
480 got to have abided by the conditions in the Financing Agreement which relate to operation and 
management etc. Also you have got to produce for us your overall policy for connecting people. Once 
you've got that what strategy are you going to adopt specifically for Negril and Ocho Rios. But what 
now? I got to the stage where I was saying this repeatedly. I was understanding what I was saying but it 
wasn't getting through. I accept it was partly my fault. NWC had visions of saying they had a policy 
485 and the money would be there for them. But now, in fact, it was at the last community meeting at 
Negril that I went to, that NWC was saying "But we've done everything you wanted but the EU still 
haven't given us the money". I of pointed out that there was still no policy with regard to domestic, 
small commercial, large commercial properties. What sort of policy was there to determine who you 
would help and who you wouldn't, and to what degree. Should costs be split i.e. changed so that it 
490 could be a recurrent payment or a lump sum. Anyway, I got so excited about this that I approached to 
the people dealing with the CWIP (coastal water improvement project - funded by the USAID) 
consultancy. They've got access to little pockets of money, which we haven't. They employed 
somebody who is helping NWC put together a policy and a strategy. Then all I've got to do is convince 
Brussels that we've got to provide assistance. Because otherwise we don't achieve what the project sets 
495 out to do. It's not there yet. We've been saying policy, and once you've got that what are the specifics.
In the past when they were talking about people who're below the median income. Are you sure you 
want that? You could have somebody with an enormous income which skews the median. I don't think 
that's right. You've got to look at things like the Planning Institute of Jamaica poverty quintiles. How 
are those derived? Maybe those should be used? Straight water consumption? We were originally 
500 talking about using water consumption as being a fair indicator of socio-economic level. It works for 
most people. You get the odd one, for example, a garage which can be very profitable but uses very 
little water, or perhaps a little mom and pop restaurant, which uses quite a lot.
PC: The difficulty, really, is that apart from the planning department there is very little thinking 
505 intellect. We've got a problem, don't confuse us. It's this firefighting.
LM: Are systems put in place to monitor the socio-economic, environmental impacts of a project, 
however you want to label those? Are they left in place?
510 PC: We try, for example the environmental monitoring in Negril and Ocho Rios. As part of the project
we've been doing in Turks and Caicos we've actually added an environmental monitoring programme 
where some of the local people can record and determine trigger levels for further investment. 
Whether that continues beyond us pushing, I don't know. As for the socio-eonomic benefits, all projects 
carry an evaluation report, but it's very short term, not long term. I don't know of anything that goes 
515 back, 5, 10 years afterwards, unless for example, there's this phase 2 looked back at an earlier
programme, but no. You look at the immediate results and then perhaps extrapolate from that.
LM: Okay, next question. How does one ensure these systems are transparent? So whether in place or 
not how do you think that will be best achieved?
520
PC: I don't know. You've got to rely on the local authorities to produce these reports and really it's the 
Delegation staff who are then in the position to assess whether in fact they fairly represent the real 
situation. I don't know of any other way of dealing with it.
525 LM: If we move on to social principles, as they are divided up in the guidelines, we've just now spoken
about the idea of serving the tourist or the median income or whatever? How do you maximise the 
range of beneficiaries on a project by project basis?
PC: Well, in general you assume the people at the top of the socio-economic scale would benefit 
530 anyway. It's making sure that the people at the bottom end benefit from either water or sewage
schemes. In those cases, obviously, are they financially able to make use of the systems? And if they 
are able to make use of the systems and does it have any other prejudicial effects? You put water in. Is 
their pit latrine going to fail because they try and put in a flush system . It takes education, community 
involvement in the project.
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LM: Okay. In that case people have taken issue with these terms previously, how are minority groups 
best involved?
PC: I'm not sure what you mean. How does it affect Jamaica do you mean?
LM: I appreciate that's terminology taken from the guidelines. I take it as people who might be 
excluded from the decision making process in some way.
PC: You can see for example, in India or in Africa you could have, but. Okay people in minority 
545 groups?
LM: Do you think it's a significant problem in Jamaica?
PC: It's not really.
LM: I get the impression women are pretty much involved.
PC: It's like Africa. All the best men are women - If you want anything doing. It's going to be a real 
social problem in Jamaica because what is it? 70% of the graduates from the University of the West 
555 Indies are women. It's something of that sort of order of magnitude. It's a ticking time bomb. And 
until it starts to go bang nobody will do anything about it. No, women can be very badly treated in 
Jamaica, but they are the ones who are climbing the ladders of opportunity and education. It's different 
here, it's not your classic. I think the book tends, {points to photograph} that's your rural water supply 
in a lot of people's minds. In Jamaica that doesn't apply. It is written by the Africa/India brigade and in 
560 small islands, small countries, this doesn't necessarily apply.
LM: No that's interesting. Do you think. That's the first time I've heard that 70% of the graduates 
coming out of UWI are women. If there is a shift in power basically, to be led by women, do you think 
that would bring about significant change in terms of how organisations are run, do you think it's quite 
565 patriarchal at the moment?
PC: It will change, because at the moment what you generally find is the man at the top and then in the 
upper middle level is where your women are moving in.
570 LM: Do you think that could bring about the necessary changes in NWC for example?
PC: If they are not corrupted, if they're not worn down by the system there's some very good young 
people, but all too often they are destroyed by the system. You know, do not stick your head above the 
parapet, pad your bottom and make sure everybody else can be blamed if it goes wrong.
575
LM: We've already discussed participation. On to economic and financial principles. How do you 
determine current and potential economic terms related to operating?
PC: Okay, well this one, specifically, they looked at straight financial returns, based on tlie tariff, to see 
580 if a scheme was individually financially viable based on tariff levels and present maintenance levels.
But in terms of selecting the projects, we put a weighting factor in for poverty levels of the population. 
So the greater the poverty level, because this is a poverty alleviation project, we applied a higher 
notional weighting factor. We'd no real rationale for the value of the weighting factors - There isn't 
anything I know of in this respect. It wasn't a requirement of the project, but it does help if a scheme is 
585 financially viable. The big thing that came out of this study was, that unless as part of the project the
unaccounted water were reduced and proper asset management was put in place, then a lot of the 
schemes had a negative internal rate of return. You need to bring unaccounted for water down from the 
70%s to 80%s to under the 50%s down to a target of 30%. Then the project will be viable.
590 LM: Would you then have to include the cost of implementing proper asset management?
PC: We didn't. Maybe you should do.
LM: Quite a significant cost. You felt.
595
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PC: It's one of these things, where it's a high initial cost, but once it's going it's very small compared
with the value of the assets. It's more the commitment. You see it's getting the commitment because
“Assets aren't a problem. It's not a problem if we don't know where the mains are, how old they are or 
what they're made of because we'll dig down and turn people off for a week if a pipe blows, it's not a
600 problem.” This is an attempt to change the culture. To move away from firefighting and make people
realise that if this goes on they're going to fall off the edge.
LM: Might be worth reading that out for the purposes of the tape.
605 PC: What, the notice?
LM: Yes
PC: The marvellous thing about not planning is that failure comes as a complete surprise. It's not 
610 preceded by periods of stress and worry. If you don't worry about it, it's not a problem and you deal 
with it when it becomes a problem. And if you're lucky then it might not become a problem. Even if it 
does, you then say "Sorry, pump's broken down we've had to send it off to America, and they're 
terrible, they take 10 days to fix it.." So it is a small attempt to change the culture, from the bottom, 
getting the people to think about something other than just firefighting..
615
625
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LM: Have you received feedback from that?
PC: Well, The planning people are keen. The operations people less so. Unfortunately this is not just 
confined to Jamaica. It's whether we can use tiie people the planners to actually guide the change. 
620 They're the head of the dinosaur and you've got the operations people who're the sort of brain in the 
middle of the back working the legs. If we can get the brain to start working the body... I don't know.
LM: Is there a standard methodology for economic analysis, is that something which comes within EC 
procedures?
PC: Well, we discuss key issues. For example, discount rates we discussed with the PIOJ what would 
be best used here. So there isn't necessarily a fixed method of doing something it's dependent on the 
local circumstances. But it follow standard procedures.
630 LM: Is there any enviromental economics applied? I've discussed this with several people, this 
feedback loop that I see to the economy from environmental degradation.
PC: It hasn't been done. To the best of my knowledge, nobody's attempted to quantify that. It ought to 
be done.
LM: I spoke with, Leary Miller in NRCA and he said himself and two other people had studied 
environmental economics. So they were aware of it, coming from that angle but it'd not been used in a 
formal manner.
640 PC: Certainly, in Jamaica, where the future is dependent on them not destroying the environment, it's 
vital. We have used the old EU Environment Manual, you've seen that one? There's a new one in 
preparation and drafts are coming out, as you're probably aware. I haven't yet seen it, in fact we only 
got the notification the other day..
645 LM: So is that likely to involve some?
PC: I don't know but I would hope it does. I don't know enough about it. We need to find out exactly, 
because at the moment you use the classic financial/economical analysis and then throw in a few 
words, very sort of subjective. If we could find a way of bringing in agreed objective measures it would 
650 be very useful.
LM: The classic environmental economical methods that I know of things like contingent evaluation, 
travel cost. It would seem like quite an easy application in Jamaica, because you've got this direct 
feedback to the economy, a large part of which is tourism.
655
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PC: And it's the only one which really has got the real potential for growth here. So they should be 
planning for that not destroying it.
LM: If you look at the idea of having financial sustainability like a net present value or something and 
660 then weigh that against environmental impacts, you've already mentioned the use of weightings in a
previous scheme. Do you think that's something which could be developed further? The value I see in 
those, even where they're quite subjectiven and just plucked from the heads of people, they're at least 
something which could then be discussed.
665 PC: I think that is so because if you've got two schemes, it at least gives you 'this one has a lot more 
poor people than this one, how do we compare these? It gives you something which somebody can 
perhaps criticize your weightings as being too high or too low, but at least you've got something. That 
is how we did it. So, yes.
670 LM: You think that's something which could be used further.
PC: Well I asked the consultant to do it so I obviously think it's a good idea. I think we only used a 
figure of 0.8 or something like that. I can't remember, I haven't got the full details to hand. It at least 
showed that we were in some way sensitive to the question.
675
LM: It lends a degree of transparency, as far as I can see, if you've got people coming and saying well 
the reason that was chosen is because you've put 0.7 there. Do you look at risks involved in 
undertaking a project? Is there a formal methodology?
680 PC: Yes, there is an assessment of the risks involved.
LM: Does that look at financial risk and compare it to things like public health or are they seperate 
considerations?
685 PC: Again it is not a matter of quantifying the risk. It is a subjective assessment of the physical
implementation risks and the risks associated with the benefits not being achieved.
LM: Is that again something which is set out in the EC documentation?
690 PC: It follows this {refers to manual}. This formalised it really.
LM: Okay thanks. With regard to environmental assessment and environmental impact assessment. I 
get the impression that most of that work is given over to consultancies.
695 PC: In the feasibility on the rural supply study we used the manual, the checklist, and in fact no
environmental assessment was done. But in the case of Negril and Ocho Rios, separate environmental 
impact assessments were carried out, and are ongoing. Well the monitoring is ongoing in both cases. 
In Negril through the Coral Reef Preservation Society involvement and in Ocho Rios by a separate
700
710
uigoiiiaauLiii, actually paid till ough tile Vvorks uunti aui.
LM: Right, by a consultancy? Are there any particular indicators or environmental monitoring 
structures you think ought to be, or are particularly appropriate for Jamaica? I think nitrates take more 
of a priority.
705 PC: Well, nitrates, for the coral reef, obviously. But, and also the usual one, faecal coliform levels. 
The sort of problems you see here are very wide ranging. If you look at the gulleys after rain 
everything you see that's been thrown in them will go straight out into the sea. There's an awful lot of 
erosion from the agriculture. There's talk about control of the watersheds but there is a lot of division 
within the controlling authorities. It's not well coordinated.
LM: In looking at the impact of a waste water treatment works, say, on water quality. I guess in most 
cases on coastal water quality. Is there any modelling used?
PC: Yes, there was modelling done for Ocho Rios. Somewhere I've got the report but they did five tests 
715 and then subsequent modelling of the drift and concentrations.
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LM: Was that computational modelling, done by someone on the island?
PC: No it was done by, what are they now, Hyder. They did the work as part of the design for the 
720 outfall in Ocho Rios.
LM: Was that model retained in Jamaica for subsequent use for any other reasons or was it specific to 
that scheme?
725 PC: That scheme.
LM: In terms of locating a new treatment facility, what do you think are the issues of importance?
PC: Well look at the two schemes. The general preference for sewage schemes in Jamaica, would be 
730 for the pond type treatment which demand lots of land. So that's what we've got in Negril In Ocho Rios 
it was the availability of land which dictated the design of the treatment works. So it's the same as 
everywhere, it's land availability.
LM: I've noticed, or people have told me of the move from mechanical systems to the ponds, to more 
735 biological systems, because they're assumed to be automatic in terms of how they operate.
PC: Ponds are a lot more tolerant to neglect, so that's a good reason for going for them. But, you know, 
one of the small developers has just installed its first RBC (rotating biological contactor). Also there's a 
lot of little activated sludge plants around the place, but of the three big schemes which have just gone 
740 in, Negril was ponds, Montego Bay is ponds, but Ocho Rios is an oxydation ditch. Because of land.
LM: So they're still being considered on a site-by-site basis?
PC: In general the preference would be to go for the lower tech systems. The pumping stations are all 
745 submersible pumps. But you see very sophisticated control equipment - Ultrasonic level sensors,
programmable logic controllers. A system is not just the treatment works. If the final pumping station 
breaks down, if they don't mend the pump and lose the standby and then the other pump breaks down, 
then it's a crude sewage discharge. All the crude sewage going in at a point source. There is a tendency 
in some circles purely to think in terms of the treatment plant. But it isn't just that. It's the whole 
750 network, keeping the whole thing, right from the customer all the way through.
LM: Do you think risks to human health are sufficiently considered when they look at treatment design 
or is it often just the 20-30?
755 PC: It's 20-30. The coliform levels are specified in both cases but certainly public health and bathing 
water quality is of concern. It's amazing what one gets away with in Jamaica. Take Montego Bay, at 
the moment with the old works, they just bypass the whole flow and it goes straight out to sea. I have 
seen water treatment systems where I wouldn't drink the water. Even in Kingston you know you've got 
a system with an incredible number of breaks in me distribution system. Leaks. Large areas arc 
760 unsewered and operate through septic tank or cess pits so you know you've got polluted groundwater,
yet you operate in the summer with cut offs resulting in negative pressure in the distribution system. 
Nobody's died yet and there's been no epidemic. So it shows just how unlucky you've got to be 
actually to get an epidemic going. One rural water supply has a stream and collection system. The 
fence was down and the cows and the donkeys were drinking from one side the lady was doing the 
765 washing on another side and the rest of the water was being diverted with only intermittant chlorination 
to go into the public supply. We in Europe are a long way down the asymptotic end of the curve where 
you look at the effort and risk. The real worry is that in Jamaica a decent outbreak of cholera or 
typhoid kills the tourist industry.
770 LM: I guess that's something which is in people's minds, but is too massive to contemplate.
PC: We've never had one. Jamaicans are resistant to it. That's a little bit unfair. But you see, even in 
Negril and Ocho Rios where the schemes included an element for pit latrines as a pilot project in some 
areas, in the end we pulled it out because one, they were going to cost a fortune to build and two.
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775 nobody really wanted them. So there wasn't much point in spending a lot of money on something that 
was going to be wrecked and vandalised very quickly.
780
LM: If you were to become aware, or someone were to become aware of a particularly appropriate 
technology for treatment or collection of sewage or whatever, could that be introduced easily?
PC: I think so. To be fair, people in Jamaica are very willing to try and accept something new and 
different.
LM: One of the first guys I spoke to was from National Housing Development Corporation and he was 
785 unwilling to tread away from five standard designs which NWC had put forward. But since then I've
found other people, are.
PC: Are doing what they want.
790 LM: Yes, individual developers can pretty much put in anything as long as it means that the
requirements of NRCA are easy to do. Okay there's plenty of scope for that, then. If such a technology 
were introduced, and it were to be successfiil, how do you think information about that might be best 
disseminated?
795 PC: Word of mouth. Through CWWA. It's a fairly small society, it would soon get round very quickly, 
through profesional associations would be the best way.
LM: Okay, I've got one more question, which I was asked to ask by the guy who's coordinated these 
{refer to guidelines} Is the argument for sanitation to be decoupled from water supply what do you 
800 think to that?
PC: No. But you mustn't link it too tightly. You've got to have a good quality water supply, that's the 
first big step. So, but at the same time, putting in a water supply in the absence of sanitation proposal is 
very unwise. However, I don't think this necessarily means you shouldn't go ahead with water supply in 
805 circumstances where there's not the resources for full sanitation. You can achieve 70-80-90% of the
public health benefit by putting in an adequate water supply, but you should still, ideally link it but 
don't tie it. I don't know if that makes it clear.
LM: Yes, the argument he put forward. The argument was that where they are coupled. Because water 
810 supply tends to take priority.
PC: You move on without doing anything
LM: You can push water supply forward and if they're coupled, at least sanitation gets considered and 
815 dragged along even if it's a secondary consideration, whereas if they're decoupled completely...
PC: Yes, I agree with you. There's got to be a link, because if you've got somebody who is going along 
to this foul stinking pond to colieci a bucket of water, you can make a very significant improvement to 
the quality of life by putting a standpipe in their back garden. Or even if you don't do anything at all. 
820 We're looking now - I've got the terms of reference floating around somewhere. Savannah La Mar. It's
in the eighth NIP as a waste water project. I went down and had a look at it and it is another one of 
Jamaica's time bombs. Savannah La Mar, if you ever get time to go up there yoy will see that it is built 
largely on reclaimed mangrove swamps. And then around the edges of the town there's significant 
squatter, informal, developments. It used to be quite a prosperous town, so a water supply was put in at 
825 the turn of the century. Cast iron pipes, small diameter pipes bringing water in. This system is now
corroded/inadequate and so a tremendous amount of leakage exists. There's no central sewage system, 
but there's a whole series of drainage, open ditches which are full of seepage from septic tanks etc. 
Again you can see service pipes which have been laid by NWC running through these open ditches, so 
what do you do there? You know, you've only got a certain amount of money. It's nowhere near 
830 enough to put a central sewage system in. The water supply is a major risk. Should we not do
anything until we can get co-financing to do water or sewage together. Should we just look at doing 
the water but insisting somehow that the sewage follows on, because you can insist but if it doesn't 
happen? And really it's also tied in. We spent a lot of money in Negril. Savannah La Mar is a 
dormitory town for a lot of people working in Negril. So you may have good water and sewage in
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835 Negril, but the person who is serving your salad is going back to really dubious water with totally 
inadequate sewage systems. Should we try and find more money, but it is not there. It is a major 
dilemma. My inclination is to spend, to get the water supply right and at least to try and stop the risk of 
back siphonage into the system as much as you can and try and put pressure on to follow with the 
sewage. If you dig your heels in and say the two have got to go together.
840
845
LM: You might get neither.
PC: You might get nothing. Or you can ignore it and go away and find something you can do. It's a 
real dilemma. It's a classic little case that is.
LM: Even in terms of the funding agencies, the local resources are limited.
PC: Yes, you're going to be looking at 40 million to do the sewage system. You've also got to sort out 
how you can put a sewage system in because of these very informal squatter settlements. You've got to 
850 sort the squatter problem out too before you get the benefit, so the whole thing cascades. Can you try 
and set a programme? Can you enforce that programme?
LM: They're massive dilemmas aren't they?
855 PC: It's only small. It's nothing compared with Cairo.
LM: Okay that's been really interesting. I've got through all the questions. It's been really valuable. 
Thanks a lot.
860 PC: OK. Anything that follows up. When you're back in the UK if you want to make contact you've 
got e-mail.
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Interviewees: Christopher Shaw, Head of Technical Services, Urban Development
Corporation, Jamaica
Peter Morris, Chief Engineer, Urban Development Corporation, Jamaica 
Interviewer: Leon Miles
Date: July 2U‘ 1999
Location: Urban Development Corporation, Kingston, Jamaica
LM: Could you briefly explain to me how UDC is involved in sanitation and wastewater management? 
Would it be within the scope of a given project? You'd deal with the sanitation and wastewater
15 management for that project?
CS: What it is, is we have designated areas throughout the island which are ours. We own them. Or if 
not own them we are about to own them. Through that designation we have a responsibility to develop 
them and what we find is it's no use waiting on the other agencies to come in with infrastructure, so we
20 go ahead and do primary and secondary infrastructure ourselves. So as a result of that we end up
having to own sewage treatment plants. For instance, in the town of Ocho Rios, we built the first 
sewage treatment plant there, and managed up until when the NWC came in about 20 years later with 
the overall sewage plant.
25 PM: That's about 3 or 4 months ago, I think.
CS: So we've done that in a lot of project areas. Hellshire, the same. And Negril. Negril, again, has 
only just been transferred to the main Negril treatment plant. We started Negril with a treatment plant 
and you could call it pioneering work in that we're going to do that to another phase in Negril, now.
30 We're opening up additional lands and we're going to put in our own treatment system, with the
intention of eventually handing it over to the NWC. Because, really, although we run sewage 
treatment, we're not in the business of sewage revenue. You know, we do it primarily for 
developments where we make greater money on land sales and investments. So, that's how we are into 
sewage and also into water. Because we're into Runaway Bay Water Company, which supplies
35 Runaway Bay with a lot of the water needs. And it was simply because there was a gap that the other
agencies weren't filling, we had a development criteria, we went ahead and did it.
LM: Are you happy with the process of handing over to NWC?
40 CS: Not particularly, because the NWC take a very stand-off approach to us, in that, if we have been
operating a system for ten years, before NWC takes it over they want it to be in the condition it was as 
if it was a brand new facility. So we get shafted in a way, because we have to then go back in and 
change all the bearings on the motors and everything else before we hand it over. And we've had cases 
where we're about to hand over something and NWC change the criteria on us after a year. So, from
45 that point of view we don't necessarily like it, but we recognise that we're not in that business therefore
we tend to facilitate whatever they want to get out of it.
LM: How does the process take place? Do you leave them operating instructions?
50 CS: At the moment, no. We have our own. We have on board an environmentalist, Errol Mortley, who
was supposed to be here today but he's in Mo' Bay. He has developed basic operating guidelines for 
our treatment facilities. When we hand over to NWC, no. We just hand over to them and they carry 
out their work.
55 PM: Actually, it's fair to say that in the areas where we have handed over to the NWC, we are in the
process of decommissioning the plants that we put in. Because new, big, singing, dancing schemes 
have come in, which means that those plants we had in are not necessary anymore, so we are actually 
decommissioning the one in Ocho Rios and the one in Negril. So they don't have to be running. They
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use, obviously, some of our pipework, that was there, and some of the pump stations that are there, 
60 they would take them over. But a pump station is a fairly simple thing. A pump.
LM: Then I guess they channel them to their new treatment works.
PM: Yes. In Ocho Rios they have a very large treatment plant on the hill, where as in Negril they have 
65 ponds. Sewage ponds.
LM: OK. With regard to technologies, two of which you've just mentioned, with a particular 
development, do you have a method for prioritising, for selecting the most appropriate technology?
70 PM: Actually, what is happening now is that with the emphasis being placed on the environment, we
do not have a good track record of maintaining equipment. The UDC has done it very successfully. To 
maintain the sewage plants, for instance, that we've put in. To keep them up to standard, so that they're 
kept functioning. Not quite the same otherwise. So, we have a great emphasis now on these treatment 
plants, because they're so low-tech you don't need to have a lot of people with training, you don't need 
75 lots of equipment that you have to get spare parts for, or you can't get them or you don't have the
money to buy them and the whole thing falls to pieces. So, usually, in any development, the first thing 
we're looking at is, "Is there any space we can put ponds in?" And that gets over a lot of environmental 
problems, because we have to submit plans to the environmental agencies for their approval. If we 
start showing soakaways they go, "Uh-oh. No way." Unless of course it's really, really, there's no 
80 solution. So really, we come down to, if we're doing a big development of sites for low-income
earners, then we really only have the option of plants, with all the headaches that that brings, or ponds. 
So, it's sort of narrowed itself down to these two things.
LM: Do you find the benefits that you gain from using ponds, in terms of the fact that they're low 
85 maintenance, whatever, are justified in terms of how much land they take up?
CS: Not all the time. In fact, that's one of the disadvantages we have, because NWC have this bias 
towards ponds, and in fact, on one of the projects we're looking at now in Port Royal, we're going to go 
against that recommendation, because Port Royal doesn't have that much land. And we're very 
90 concerned that if we go with the ponds we're using up a lot of valuable land. So we're going to go with
a system. And though we know it's contrary to NWC's recommendations, and therefore we're going to 
have difficulties in them taking it over for maintenance, but, you know it's a land, it's cost, really. The 
economics of land.
95 LM: I guess as a development corporation you're more aware of the value of land than NWC?
CS: Yes. They're more worried about the value of maintenance and they always tag a high 
maintenance onto the mechanical plant systems.
100 LM: Do you think that's necessarily the case? Because the ponds are perceived to have lesser
maintenance, but it seems to be a perception more than...
PM: No, no, no. This is certainly true in Jamaica. Because we do have ponds on the way to Montego 
Bay, and they've been there for years now. There's one little guy there. He just goes up there in the 
105 morning, picks off a few of the stuff that's growing on the bank if necessary, moves things around. So
it does work efficiently without any sort of high tech people around.
LM: If you notice an opportunity to introduce a new treatment technology?
110 PM: We'll go for it like a shot.
LM: How would you go about doing that? Would you have to go and consult with NWC beforehand? 
I mean, that might be a case in point with Port Royal, where they might be unhappy...
115 CS: We do, but we're not, in UDC I guess, we're not going to be signed by that. If we recognise that
it's something that can work and we are satisfied with it and it fits in with all our development criteria 
we're going to go with it. You know, we've done, for instance, we've recommended using digesters for 
a project which is a small project but it seemed the right solution at the time. So we're not signed.
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although we recognise that, again because we're not in the business of running sewage and we cannot 
120 collect revenue from sewage, that we have to hand it over to NWC at the end and there's a back-end
concern that they have.
LM: OK, thanks. With regard to sanitation technology, and if we talk about sewerage, do you think 
that's...! guess if you were to put that into a new development for a low income housing scheme or 
125 something, is that within the means of the people who live there? Is it an affordable technology 
because it's often stated that it's a very expensive, compared to other sanitation options it's very 
expensive, seeing as you've put in the infrastructure.
PM: This is what we always get hung up on, and certainly, we have a scheme we're looking at right 
130 now, and I know by the time we've finished with all the engineering and all the costs are added up
together, but we know what people can afford to pay and I'm afraid we're going to get close or be just 
above it. Because to do it, I mean, we feel we have to do it. Because what has been happening of 
course is that we've been using septic tanks or no septic tanks at all. Behind the wall. And the 
pollution in the place is really getting out of control, now. So in all the schemes that we do, we tend to 
135 try to put in existing sewerage so all it is is to connect into it, and it works. However, there is a cost
element to all of this, and it's a case of balancing the cost element against the country and what it's 
going to be like in a hundred years time if we don't do this sort of thing.
CS: I think also for us, it's particularly tricky because most of our land ownership is in the coastal 
140 regions, close to the resort areas. So, for instance, the project area Peter is talking about, is close to one 
of our primary resorts in Ocho Rios, so if we ignore the need for central sewage and proper sewage 
treatment, we're just shooting ourselves in the foot, in another area in which we are also a primary 
developer: tourism. So, from that point of view, it is a very sensitive issue in all of our project areas.
145 LM: Do you use things which might be termed, I don't know, 'low-income sanitation technologies' like
shallow sewerage, what's the other one? Small bore sewerage. I'm sure you're familiar with those but 
have you found them to be relevant or appropriate?
PM: Well, unfortunately, you only have a small little piece of fiat land by the coast in Jamaica, and 
150 after that you get mountains, and all these things tend to work, you can get them to work reasonably 
well if you have fairly level land so you can put your proper grades on and make it work. Once you 
start to go up, you alter your gravity scenario, with massive excavation of trenches to go over the hills.
CS: I think there is also a cultural problem, in that we have had problems with running very shallow 
155 sewerage systems simply because of what's put inside the sewerage system sometimes. People use
them as almost alternative garbage dumps. You know, they'll lift the manhole covers and throw 
garbage in there because the garbage man hasn't come to collect the garbage for the last week. So from 
that point of view, we tend to oversize a lot of our sewage systems, you know, in terms of the pipe 
bores and that.
160
165
170
LM: I know those schemes are touted as relevant in low-income areas, but from my experience there 
are only a couple of examples which are regularly cited. There's the Orangi pilot project for shallow 
sewerage and then there's some more in North East Brazil, but you never hear of any other successful 
examples.
CS: Peter, you had this vacuum sewerage which an engineer had given you which I was very interested 
in but you guys told me it was too expensive.
PM: Yes, that's right.
CS: It was a system developed in America which basically dealt with being able to keep the sewage 
especially in the areas, as close as possible, and just using a vacuum system to push it through. But 
they thought that was a bit too expensive for us to adopt down here.
175 PM: The problem really was it used pumps to generate it. Once you start to do that, if you move to 
pumps, then you're into parts and maintenance of pumps.
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CS: That's also one of the results within our designs, that we try to do. That when we're doing the 
housing schemes we just try and get away from pumping. Everything is tried to be designed on a 
180 gravity flow system, and we'll go to great expense, possibly, in the roadwork and development work
just to ensure gravity. Because we know once you put in a pump system into a scheme, that will need 
to be maintained and is going to create problems down the line. The NWC or the other people who are 
dealing with it just won't repair it. So we tend to try and put full gravity in our sub-divisions.
185 LM: Do you try and use local or Jamaican materials, as well?
CS: No, and that's, I guess, one of the problems in that most of the pump things have to be imported. 
But, yes, in terms of the pipework, thermoplastics. But other than that, everything else is imported.
190 LM: OK, thanks. That's covered most of the technological questions that I had. Do you have a
methodology for conducting environmental assessments?
CS: Yes.
195 LM: And that's within UDC?
CS: Within UDC, in conjunction with NRCA. In that, our environmentalist works very closely with 
them.
200 PM: Basically we have to do an environmental impact analysis. As everything else it has its initials,
EIA. So, everybody talks about an EIA and if we have a major project at all, as part of the submittals 
which you need to make to various people for approval, you have to submit an EIA to the NRCA for 
their approval. So that's why we have an environmentalist on board. If it is small he will do it himself. 
If it is large we may employ external people who do that sort of thing. He will liase and work with 
205 them, have this impact analysis done, and (hen submit it to the NRCA as part of the submittals required
for the scheme.
210
230
LM: Can you suggest a couple of consultants who might be used? The ones I've heard of are 
Environmental Solutions...
PM: Environmental Solutions is one. We have about three of them that we normally go to.
CS: Environmental Solutions, sometimes individuals, not necessarily consultancy firms. We tend, 
what we do in UDC really is we go, often, we go out for a competitive tender on those, and we invite 
215 most of them in, and then we have an evaluation system.
PM: Errol is there, he could just give you all the names, because he deals with them on an ongoing 
basis.
220 CS: So, its primarily through competitive tender that we go out to get the EIA's done, and not just be 
saying, "Well, we like using Environmental Solutions."
LM: Do you find, is it quite a young industry in this country?
225 CS: Yes, it is.
LM: Do you find you get satisfactory results? Because within the UK there are quite a lot of people 
just jumping on an environmental impact assessment bandwagon and there's argument about the value 
of the work which is done.
CS: That is a problem and it's not just for the sewage. It's for all of them in fact. The concern I have 
sometimes is that their photocopy machine does more of the work than the actual environmentalist, and 
I guess you can understand why, because we're such a small country. Therefore if you've done an 
environmental impact assessment a half mile down the road and then there's another development that's 
a half mile up the road, you photocopy half of the document and you change the location plan and a 
couple of other things. Therefore, yes, there is a level, I think, of duplication going on, and not serious 
enough assessment.
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PM: The one thing I think it is really useful for is that in the past nobody thought about it. Simply 
240 because it is there. No matter what level it's at, just because it's there means it has to be done. You
have to satisfy certain criteria. In the past you didn't. You just went and did it.
CS: The other thing too is that I think the system has a skew to it which needs to be looked at, which is 
basically, it's client driven. In other words, we, the client, are paying the environmentalists to do an 
245 assessment on one of our projects. Therefore, there's an inherent bias that he doesn't do the assessment
and say, "This project should not go through." I've always had a problem with that, although we 
benefit from it as well, that the level of transparency is dependant on the integrity of the consultant 
doing it and whether or not they are willing to stand up and say, well, "I cannot support this project, 
based on my assessment." Whether he says, "Well you know, there's a client who's paying me to do 
250 this." Or do I say what I have to say in the nicest manner possible.
LM: Is it the responsibility of any agency to oversee that process? To check those environmental 
impact assessments?
255 CS: Yes, NRCA.
LM: Do you think they have sufficient resources to be able to do that?
CS: Not island-wide. I think they manage fairly well in the big projects. They manage those but I 
260 don't think they can cover everything. In fact, we work very well with them, on a lot of the projects.
LM: I find one problem with EIA as it stands in the UK, it may differ in the Jamaican situation, is that's 
it's on a project basis, so you rarely get a look at the holistic or the wider picture. So it's quite feasible 
that you can build a big road, which, you know, might increase traffic through a region, but the 
265 environmental impact assessment is only concerned with perhaps, the ecosystem either side of the road.
So it's almost on a micro scale, where as on a macro level, there's no one responsible for that. Maybe, 
if it's on a big scale, the Department of the Environment will come in, but...
CS: That is a particular problem with us. Negril is a case in point, where currently we have an
270 environmental assessment done for almost every hotel on the Negril strip, but nobody has done,
although we've been asking for it, a full strip assessment, to really understand the full impacts of all the 
developments in Negril and not just, "OK, this little piece of land which is six acres, what will happen 
on it?" And where that is the biggest concern I have is with the desalination plants. Because every 
hotel now, because the water supply is so critical, has been putting in tiiese desals. So you get an
275 assessment on one hotel and its desal but you don't get an assessment on all of these hotels and what
they are doing, doing desal in the bay. And so, yes, and I think that should be a responsibility of the 
NRCA. Who would step in and do this global assessment and then say, "OK, fit in within that." for the 
various projects. So, there is that gap we have.
280 LM: Do you think they've sufficient time, I guess, to do that?
CS: No. I think it's more a case of finance. Who is going to pay for that? In the case of us, for 
instance, in Negril, I guess UDC would have to commission that study, and then get it on the back end 
of the land sales. But it's something that we have to start thinking about.
285
290
LM: That's interesting, thanks. If we were to look at a situation like that, is there any environmental 
modelling carried out to look at impacts in coastal areas that you know of?
CS: There is some.
PM: Did we actually make models of schemes?
CS: I'm trying to remember the name, but he's out of Trinidad. You remember he came down to look 
at our coastal areas? The Professor out of Trinidad. I can't remember, but there is some. Very limited. 
295 But there is some work.
LM: Do you think that is something which would be helpful.
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300
305
CS: Yes, I do,
LM: Again, it's a matter of resources, I guess.
PM: You've got it! For most developers here, it's a case of, "We've got to hold that bottom line. We'll 
do the minimum that we can possibly try to get approvals."
CS: I think though, it's a case in point, where we need to start looking more globally, in that Jamaica on 
its own, yes it's a matter of resources and costs, but if you consider that every Caribbean island has the 
same problem, that their coastal base, you know, developments are always on the coast, if we could get 
some regional body to sort of pull together and share some of the costs, then I think we could do a lot 
310 better in protecting our environment. But we're all doing it individually and therefore it's astronomical.
LM: With regard to the bottom line you just mentioned, is there any sort of, for want of a better phrase, 
environmental economics applied, whereby environmental impact is valued in terms of dollars?
315 CS: Mainly on the road projects you get it. You don't get it on the other development projects, and 
that's primarily because a lot of those projects are financed internationally, and you have to have this 
sort of justification clause, that if you put in this road that will generate so much produce out of an area, 
coffee production will improve, that sort of thing. But you don't get that assessment being done on the 
hotel projects and those others.
320
LM: I guess it's something in the back of your minds at least, in that if you've got three or four options, 
the one which has less environmental impact will obviously have less economic impact. OK. You've 
already said that there's a limited amount of modelling done. How, otherwise, do you determine the 
impact of wastewater discharges on the environment? Is it simply a matter of attaining standards on 
325 effluent quality?
PM: Yes. Our environmentalist actually goes around, I mean that's part of his job, he goes around the 
various properties that we have by the coast. Every month he's out there he's testing water quality. He 
tests downstream, he tests right at the sea, what affects on a monthly basis, you know, he'll have his 
330 chart, showing you what was happening.
LM: So, it's quite an extensive monitoring system.
PM: But we the UDC do this. I'm not sure that any of the ones who put up the hotels ever do this. 
335 Would you say, Chris?
CS: No, they don't. I know that some private consultancies do it, but not many. And it's mainly 
because of our concern and we've seen a problem and we've asked them to do it.
340 LM: I was speaking yesterday to a couple of people from the Jamaican institute of Engineers, and one
guy had set up a particular project, I tliink in Negrii, I can't remember what the project was to be 
honest, but they'd set up quite an expensive monitoring system which he was very happy with and that 
had gone throughout construction and throughout design just to check the baseline situation, and then 
in effect through construction. But once it had been taken on by NWC, he wasn't happy that that would 
345 be kept up. And, you know, he thought that that was, basically a waste of work, because the whole
system was there, but there was no incentive to keep that monitoring system in place.
CS: I think that is a problem, in fact. That's something that we need to look at which is basically data. 
I think we collect a lot of data but we don't retrieve it and store it very well. Therefore, you'll find that 
350 in another three years we'll be going back into Negril and we'll be paying a consultant to do the same
thing again. When all that has to be done is retrieving the data that exists, modelling it, adding to it and 
then continuing that. We don't do this very well. And therefore, I think we waste a lot of effort there. 
We collect data, but retrieving it is always a problem. In the form you want it.
355 LM: The suggestion made yesterday was that, if you look at particular projects, they're often
considered in terms of a package of money which is spent, and then that's it. Over. If you could retain
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some money for the next ten years, for the purpose of monitoring, for maintenance and so on, which 
both seem to be recurrent problems, do you think that would be a helpful thing?
360 CS: Yes.
PM: That would have to be government legislated though, Chris. When the client comes up, the
government says, "OK, we're going to stick on 1% on it before you get your license for a month,
because there is no other client who's going to, of his own will, who's going to say, "Well, OK, I'm 
365 going to put money aside for ten years for monitoring. But it is certainly a legislation that the 
government could think about.
LM: It was also seen as a problem when international funding agencies, the World Bank, whatever, 
come in, they give you a package of money, which once it's over, is over. So, if they could also 
370 stipulate that five million, or 20% has got to be retained over the next ten years...
CS: They do it, but not as long term as that. Because in our projects we have a monitoring for two 
years on the international projects. But as you said, once it's finished it's finished, and it's either 
whether we see it's in our own interests to continue with it, then we have gone on in some cases. Or we 
375 just stop then say there's no more financing for that. And then ten years later you start another project
next to it and you start that whole process again. So you have a ten year gap in your base data.
LM: We kept coming back to the idea of the NWC are continually fire-fighting, for want of a better 
word. You know, if resources are available, then it's probably better to go and improve water supplies 
380 somewhere than it is to monitor somewhere else.
PM: Or fix something that has been broken down for the last five years.
LM: We've already discussed to a certain extent location of treatment facilities, at least in terms of land 
385 use. Are there other factors which you think are important? We've already discussed that you're aiming
for gravity operation so it would be the lowest point as well.
PM: It's just part of the engineering we do. We look at, right now we have a lovely topo which now we
have to try and, it's funny you should be here now because yesterday I was talking with the engineer I 
390 have on that particular project and we were scratching our heads saying, "Where the hell are we going 
to put the ponds, you know, because now we have the topo of the whole area, and we've had an 
increase in the number of lots that we were supposed to be providing. The board of directors have 
stated that we must increase the number of lots so some of the areas we'd looked at previously we may 
not be able to use them now because we may need it for the lots. So the balancing act begins.
395
410
LM: If we look at sludge disposal, or recycling, whatever. What kinds of options are available?
CS: Well, we haven't got much, no that's not true. We have done in Ocho Rios and Seacastles. What 
we do there is we recycle and pump it up to the golf course, and sure, they use it there for irrigation.
400 Other than that we have not done any others. In Negrii we dry the sludge and then some of the farmers 
will come and take it off our hands. That's primarily because in Negril, because of the water situation 
there, the rain, the sludge is never dry. There's a problem. So we have to create this special sort of roll 
out, almost like an oven. An umbrella to cover the sludge during the rainy periods. And then we have 
to get rid of it, so that I guess was some, but it was never planned as a conscious effort at recycling.
405 We just said, "OK, having dried the sludge, we have to get rid of it." Some farmers use it once it's 
treated. But definitely in Seacastles we have this process of recycling by using the water for irrigation.
LM: What tends to happen in the majority of situations? Does it go to landfill, or is it disposed of at 
sea?
CS: Disposed at sea.
LM: In that case, do you think there's greater potential for recycling for energy, say?
CS: I think so. But I just think that again it's linking projects. You're into housing, you're not into 
farming. I think we have to look more holistically and I think the sewer EIA should come in a lot more
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in insisting that in doing this development there are related developments in proximity that can benefit 
from recycling of sewage or water or whatever. That doesn't really happen, so all the developer is 
interested in, he says. "OK, I have to get rid of it. Which is the easiest way to get rid of it? Let's push 
420 it out to the sea.
LM: OK, that's interesting, thanks. If we look at economic and financial principles, briefly. On a 
particular project, how do you determine current and potential economic returns? I guess you've a long 
experience of it?
425
CS: I guess you have to understand what we do in terms of, we're a development agency. And 
sometimes some projects may not have an economic return, that's going to show us clear profit. But 
there are economic returns in terms of what it is our responsibility within a certain area. Whether, yes, 
there is a need for housing at a certain level, therefore this is our input. To address that need. Whereas 
430 we do have other projects which are strictly economic projects for us. So we have the UDC sort of
split into two where we have investments and then we have UDC projects. Those investment projects 
we look at very carefully. The rate of returns and everything else. And the board is very adamant in 
terms of looking at them in terms of profitability. Profitability, but it is not necessarily as a developers 
profit. You know, there are other justifications that we have. For instance, the project Peter is talWng 
435 about. The profitability there is to ensure that we can deliver land at a value at which the people we're
targeting can afford it. It may not be a profitable project for UDC, in terms of what returns there are 
going to be on it, but at least we'll have broken even. We're not going out at a loss.
440
445
LM: Is that your primary objective? To break even?
CS: No, not really.
PM: We are using a mixture of the two. There are some which we do for the benefit of the area, if you 
like. There are others, I mean, we put up hotels. They hopefully finance the other ones.
LM: So, is the intention for the profit making ones to balance the more altruistic ones?
CS: Yes. But you have to remember that when we came off of the government budget about ten years 
ago, at that time all our salaries were financed by the government so there was no driving need for us to 
450 be profitable. Or it would have appeared at that time. Now, everything you see around here is out of
our own profits. So anything we do is paid for out of the profits that UDC makes.
LM: Do you still have a responsibility set out within legislation to provide the more altruistic projects?
455 CS: Yes. Because, again, our minister is the Prime Minister, and therefore you'll find projects will
come to us that are projects which really are more social benefit projects than projects of a highly 
profitable nature. They take up as much time in terms of staff and resources, as the other projects.
LM: In terms of then charging for water and sewerage services, how do you determine an appropriate 
460 price? Is it the cost price?
PM: (laughs) I'm just thinking of Runaway Bay at the moment.
CS: It is a cost price, yes, but to take the science out of it we've now set up the principle that we charge 
465 just a little bit below NWC's rates. So that we're not going out there and saying, "Well, this is what it
costs us so therefore we're going to charge this." We recognise NWC's charging at a certain level in an 
area, we'll peg just below that. But it has been worked out in terms of operational costs. You know, we 
understand that if we charge at that level or just below, we are breaking even. And we have a profit or 
we're making a profit on it, but it's not necessarily we go out there and work out the figures and say, 
470 "OK, charge that."
LM: Do you then, charge in the same way for sanitation or for wastewater management in terms of it's. 
I don't know, 45% or something of the water bill, which is how I understand NWC charge.
475 CS: Often we don't do the two things.
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PM: In Ocho Rios we didn't do.
CS: We don't. And that has been a disadvantage for us. Because for the NWC, you see, it's easy
480 because if you don't pay your sewage bill they cut off your water (laughs). We didn't realise that that's
how we should do our development. So we often are charging for sewage, but NWC's charging for 
water. So we have a problem collecting our sewage rates. We have quite a few people who owe us 
quite a lot of money. And it's not socially good to go and cut off sewerage. So often, we have to go 
and knock on doors and to try and collect and have our lawyers follow people for uncollected sewage.
485 So it's difficult for us, because of that, you know, we're not pegged with water in our developments.
LM: Is that reluctance to pay for sewage part of the public perception? Which you know, is more or 
less worldwide, that water's more important or water's more of a priority.
490 CS: Yes, I think so. And you don't have to pay for it, because nobody's going to come in and, where as 
NWC will come in tomorrow and lock off your water. Nobody's going to come in and dig up your 
lateral and block it off. Because that would be an outcry. So, from that point of view, ignore it. And 
we've had a lot of big developers ignore it 'til when we get the lawyers on them and start threatening 
that we will do such and such. And then they say, OK, they'll pay.
495
LM: In that sense, are there any methods you might use to assess demand for sanitation and what type? 
Would you use questionnaires or something or would you assume that it was a part of a development 
and people would use what was provided?
500 CS: I think it's what provided. Because, again, our developments really are primarily in virgin territory 
so it's really looking at, you know, "OK, we're going to build 2(X) houses. What's the demand? Are we 
sizing it for a larger community in the end or whatever?" So, we're really at the front end and we're not 
necessarily going into existing communities. We haven't done many projects like that. We're about to 
do one in Port Antonio which is like that.
505
PM: I think the thing here too is the sort of casual attitude to sewage and its disposal. It's only because 
of being where we are, the UDC, we insist that we put these things in. I mean, we could easily open up 
roads and peg out lots and put in walls and put in no sewage. And nobody, none of the purchasers 
would say a word. They would just go ahead and do their thing. It would not be good for the
510 environment, but the kind of survey you're talking about, you know, it doesn't really impinge enough 
on people's minds as to whether you do or whether you don't for it really, I mean, it is for us to 
determine that we must havè this and we must put it in. You know, you don't go around and find this 
from asking people.
515 CS: And I think our experience has been, with surveys that we have done, we're not saying you 
shouldn't do them but they, I would say that there is a steady growth pattern that you can have for any 
areas, dependant on our economic situation in ten years time and that. So you get growth patterns 
sometimes that don't really bear any relationship. Because I think this was the case in the Port Antonio 
sewage study initially, that when you looked at the study, initially, because we'd been doing this study
520 for so long, you pick up the base documents tlial were maybe four years ago, or five years ago, and you 
look at what they were projecting for sewage, and compare it with really what growth has happened 
over those five years, you realise that there is a disparity because the growth just didn't take off. So 
there is always this disparity between you know, doing all of these things and projections and things, 
and saying there'll be ten hotels built over the next five years in this area. And then it just doesn't
525 happen. So we do have those problems.
LM: Do you have, other than questionnaires, I guess this is perhaps not relevant because you are going
onto greenfield sites, methods to ensure participation by the community, or participatory methods?
530 CS: Yes. In fact, that is part of our mandate now in the corporation that a lot of the projects we do have 
a very strong community participation in them, and so that is why we have what we call area managers, 
who are people responsible for galvanising the communities and working with them while we up here 
do the physical projects. So there is that connection. We have community officers, who actually live 
in the community, hold meetings and so on. There's always this feedback is available, you know, what
535 the people in the area really want.
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LM: So is that something which happens before and during construction?
PM: Actually we just have community officers all over our areas. Most of the areas that we have, our 
540 designated areas, have area designated community officers who work within there, so fi*om early on we 
know the feedback so we go in to start developing a project they are already familiar with the area.
LM: Are they full time employees of UDC?
545 PM: Yes.
LM: If we look briefly at the institutional principles, as they're delineated in this book, which 
authorities are associated. We've mentioned several urban authorities already but who do you consult 
or interact with? You've mentioned NRCA?
550
CS: NRCA is the prime one. Town Planning Department. Ministry of Works. I think most of them 
are the planning agencies. Then you get down to the local level like the Parish Councils. To be honest, 
we had a reputation for not seeking consultation a couple of years ago, but I think because of this 
divestment of central government, UDC has leamt that we don't just go into there and do anything we 
555 need anymore. We go in and we talk to Parish councils and say OK we are going to do a development.
These are our standards. You know, are they acceptable, and everything else. So there is a lot more 
participation at the various agency levels than there was a couple of years ago, and we just, I wouldn't 
say we knew it all, but we had to get on with the development, and therefore we were going there to the 
development.
560
PM: One of the problems which caused this was that in many of these cases, you would submit 
something, and you'd never hear back. You know, the feedback time was so long. Now, it's one of the 
things they say they're going to look at and try and fix. Because developments in Kingston whatever, 
they'd come with their plans and they'd need planning approval, and it was two years before they'd get 
565 planning approval. So, I mean, they're attitude was, "Here are the plans. You can look at them at your
leisure. We're going to go ahead and build." But this doesn't go down very well when you want to 
hand over at the end. Because you haven't had any feedback. So then they have to tweak it a bit. 
Because at that stage you get upset, "You did all this without our knowledge." So they tend to tweak 
us, and we have to do this and we have to do that. We just have to play the game.
570
LM: The next thing I was going to ask is are there mechanisms which might be input to try and 
improve that process of co-operation?
CS: Yes, I think in areas, for instance in Singapore, it works well, and I think we nee to adopt it more, 
575 which is the sort of joint consultative committee, where agencies tend not to just work on their own but
they're working within a group of agencies. Therefore if you're planning Kingston, and there's a 
meeting of NRCA, KSAC, UDC and other people who have vested interests who come around a table 
and can meet, so that you can understand that, "Well, hang on a bit. There's this development that is 
critical to us here. You know. I don't want you to hold it up. Can you review it? Treat it as a 
580 priority." So we have set those sort of systems up in otlier aicas, for instance with the north east coast 
planning project we have other agencies working along with us, and what we tend to find is it works 
well for the planning process, if you're doing a document, but in the implementation somehow we seem 
to have not galvanised everybody together. So that team then disintegrates at that stage, and you're 
back on your own again. You have a development. You submit it to NRCA. You don't have this 
585 group meeting that you can come to once a month and sit down around a development council meeting
and say, "Well, these are what have to be approved." So we need, I think, to institutionalise those 
things again, where the agencies at a certain level, meet and can fast track things. Rather than having 
to send it through the process.
590 PM: This is all you do in Singapore. Because what we do here is you have to submit twelve sets of 
drawings to the main body. And he then, at his leisure, sends it to the twelve departments that may be 
concerned. And then he has to wait for all their feedback and pull it all together and then give it back 
to you. Where as what you're suggesting would take just one evening with a member of each party 
there, the drawings on the table. Let's go see. See what we can do.
CS: That's something that I think we have to work at developing.
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LM: Do you think, it's along those lines, really, but it might seem a little bit abstract, the idea of, over 
the internet or an intranet, whereby that information could be posted and people could come to it when 
600 they wanted, do you think that would be...
CS: Yes, and wide area networks can work because we in UDC now are fully computerised and in fact 
we also have, we are about to put in networks down to our outputs, like in Negril in other areas, so 
there's no reason why we couldn't set up a wide area network with the other agencies as well, so that 
605 there is that level of communication going on. And I think the problem again is all financing, in that,
where as we are willing and able to do it within UDC and UDC subsidiaries, I think people will think 
very strongly, or not strongly, they will buck at it. To say, "Well, OK, we want to set up a network 
between NRCA and UDC. " You're gonna hear, "Who is going to finance it?" and if it's not a donor 
agency coming in to put that system in then everybody says, "Well, OK, we're not going to do it. We 
610 have to deal with UDC's problems here first before we start working at NRCA." But it would help, I
think.
615
650
LM: Do you think there might be complaints from various agencies saying that they didn't have the 
resources available to join up?
CS: I think it will encourage it. You know, I think yes you're going to get some who will say, "There's 
a problem. We don't have it." but I think it would force agencies to recognise that this is a way we 
need to communicate, and hurry up and get on board. And also stop thinking insular. Because that is 
one of our problems in that what we're trying to do, and we now have our website but we haven't put 
620 into it yet our planning guidelines. One of the things we're trying to do in UDC is have it in such a way 
that people can dial into UDC's network and get the guidelines. So they don't have to come face to face 
with somebody. And similarly we should want to get that out of NRCA. Where we can dial up to 
NRCA about a project area, get out of NRCA all the requirements, rather than having Errol have to go 
to NRCA and meet with them, come back down and say these are the things we have to do. And that 
625 sort of thing would force the agencies to recognise that you know, we are in the 21st century now,
come on board. You don't have to be face to face to get information.
LM: It strikes me that it's got potential in the example where you say you've got to send twelve copies 
of a document out. If the one document sits and everyone can see the same thing, then that's potentially 
630 a good thing.
CS: The difficulty there of course is that the consultant doing it is not necessarily on a computer 
system. So his document would have to be scanned first and sent out. This is something which we 
have difficulty because we are trying as a planning agency to encourage consultants when they do big 
635 projects that at least the base plan is done on a computer so we can then take it and put it on our
computer system, so we have it locked into the mapping process. But that doesn't work with 
everybody.
LM: OK, thanks. To go from the idea of, "Which authorities are associated?". I've then got another 
640 question, "Who are the stakeholders?" so outside of the governmentai agencies, who do you see as the
important stakeholders?" I guess the beneficiaries are the most important people.
CS: Stakeholders. I think for us the stakeholders are the general public in our development areas. 
Because they make or break our proposals. The hoteliers and those people are very important to us. 
645 Investors.
PM: We do joint ventures sometimes don't we?
CS: Yes. So we have, those are our key people I think.
LM: Are there any environmental lobby groups which get involved, either with yourselves or 
elsewhere in the process?
CS: Yes. There are quite a few in the Negril area, NEP. And in the Portland area there's a couple. 
655 And we work alongside them, and that's where the community development officers work, because it's 
through those environmental groups that have these meetings at a community level, that we get the
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feedback. You know, NEP in Negril have constantly been coming back to us about our effluents and 
standards and problems they see happening on the coral reef and those sorts of things. And they've 
done reports which then get fed into our system. We respond to them.
660
LM: So they're seen as quite a beneficial thing?
CS: Yes.
665 PM: Actually, we are just in the process of having an environmental study done on various areas 
around to try and increase the quality of the beaches in certain areas. They just came up, and were 
approved, with a few minor things on it. So we do take a very proactive role in these things. We don't 
just wait for somebody to complain about it. We actually look at it ourselves and say, "We have to do 
something about this."
670
LM: It strikes me, having spoken to people within Jamaica, that lobby groups are seen as an ally. 
They've got their feet on the ground, I suppose.
CS: I think so, and I think, as with our development, if we listen in totality to what some of the lobby 
675 groups were saying we may not do anything. And that, I think that is their value, in that they are at one
end of the spectrum, and we are at another. But somehow I don't think we have ever been at, you 
know, so diverse positions. I recall we had issues in Negril when we were doing one of the hotels 
down there, there was one site which just happened to have some, you know, it was one of the more 
lush vegetated sites, and there was a serious battle on initially about this whole development and 
680 whether that site should be developed. Eventually, we took the line that, yes, development, we'll put in
certain controls and I think people have recognised that that development has benefited Negril. And if 
we had just left it as a site, with lovely standing trees on it, you know, the cost of that development has 
been financially beneficial to Negril. And so we have kind of gone out on a limb in some cases, but I 
don't think we're adversely opposed to the lobby groups or the environmental NGO's. We listen to 
685 them through our community development meetings.
LM: OK, thank you. I think I've asked pretty much what I'd like to now and I'll let you both go because 
I'm wary that I've got to get up to the oÂer side of town. But, thanks very much. I'm very grateful. It's 
been great.
690
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1 INTRODUCTION
By the early decades of the next century, the human race will pass a demographic milestone. The majority of it's six 
bilhon members will, for the first time, live in urban surroundings. The greatest shift toward urbanisation is taking place 
in the developing countries of the world, and much of the growth is in huge megacities. It is estimated that by the turn 
of the century there will twenty three such cities, of over ten million people. Eighteen of these will be in the developing 
world. The potential impact of these massive urban areas upon the natural environment is enormous, fi’om that on the 
immediate urban environment and the inhabitants of these cities to that on the global environment.
If sustainable development as defined by the World Commission on Environment and Development (1987) is to be 
achieved, whereby we must meet the needs of the present generation without compromising the ability of future 
generations to meet dieir own needs, then these cities need to be effectively managed. There is a need for environmental 
sustaiuabüity, economic sustainability and social sustainability to be pursued in parallel. The management of a city's 
wastes is important, and the philosophy of clean technology can be a valuable one. Given the size of these cities, the 
strive to provide services and human benefits to an urban population while minimismg resource consumption and 
environmental damage yet remaining economically competitive, as Clift (1995) has defined clean technology, is of 
paramount importance if the sustainability outlined above is to be achieved.
The author has recognised that greatest potential for the application of these ideas lies at the decision making stage, and 
more specifically where decisions are made concerning the implementation or strengftiening of technical and policy 
measures for the control of pollution. In investigating appropriate environmental standards, Ludwig (1992) has 
observed that the decision makers in practicalfy all developing countries, at the technical level, are economists. Not only 
this, but that economics has come to be synonymous with finance. There is a need to incorporate such things as 
environmental quality and social development into the balance sheet. In tiiis context it is considered valuable to look 
at the ways in which decisions are made, and at how these can be influenced toward the strive for clean and sustainable 
megacities.
The characteristics of urban areas of the developing world which influence environmental pollution are first examined 
in Chapter 2, before die range of environmental impacts caused by domestic and industrial waste and the conventional 
forms of treatment are examined in Chapter 3. The potential for the apphcation of clean technology to the process is 
considered, and a range of possible improvements, both technical and regulatory, are proposed. Chapter 4 looks at the 
financing of any necessary investments, and in particular at the values placed on a clean environment, both immediate 
and external by the inhabitants of a city and by the people who make decisions on their behalf. Finally, consideration 
is given to methods for supporting the decision making process. A fi*amework for the selection of appropriate 
technologies for wastewater treatment is adopted, and suggestions are made as to how this can effectively be 
incorporated into some form of decision support system, able to utilise information technologies to select appropriate 
environmental policy, and to work together with HR Wallingford's capabilities in environmental modelling to help 
decision makers in the megacities of developing countries to achieve sustainable development.
2 MEGACITIES AND ENVIRONMENTAL POLLUTION
Interest in the twentieth centuiy phenomena of the megacity is growing, and a major study carried out by the United 
Nations Centre for Human Settlements, or UNCHS (1996) has reported findings of relevance to all those involved in 
environmental engineering. A key point is made by the Secretary General, Boutros-Boutros Ghali, in the foreword of 
the report.
"The mass exodus to cities has already led to sharpened urban poverty, especially among women and dependant 
children; scarcity o f housing and basic services; unemployment and underemployment; ethnic tensions and violence; 
substance abuse, crime and social disintegration. The emergence o f  giant megacities has brought with it land 
degradation, traffic congestion and air, water and land pollution. "
The signs are clear. The urbanisation which has already occurred has caused massive environmental degradation, and 
this is continuing to grow. Urban sustaiuabihty is fast becoming one of the most important issues we have to face. The 
time has come to consider sanitaiy measures to protect the immediate environment and public health together with the 
need to control pollution of the urban environment. As Todaro (1994 : 344) puts it,
"Left unchecked, environmental hazards tend to grow exponentially as the megacities increase in size. "
It should be remembered that the rates of urbanisation which are causing many of these environmental problems were 
present in Europe and North America just over a century ago, during rapid industrialisation. Between 1774 and 1831, 
Ginouard (1985) reports that Manchester's population grew more than six fold, and that this was typical of cities of it's 
kind. Average life expectancies in the industrial centres were often below thirty, and below eighteen years for the lowest 
income groups. Public health concerns, stimulated largely by dramatic cholera epidemics, spurred households and 
businesses to pay for measures to improve water supplies and sanitation and to control wastes. We should not 
underestimate the lessons which can be learned from this experience for application to the megacities of tiie present day.
We will briefly look at the economic conditions which have led to this situation and at the demographic change which 
has contributed. We will then consider how social progress has been affected by these trends, and at the state of the 
immediate urban environment which has both influenced and been influenced by this situation. Finally, the trends in 
governance which have come with these conditions of urbanisation will be investigated.
Essentially, it will be clear that the levels of poverty prevalent in the developing world, where poverty refers not only 
to low income but also to a lack of physical necessities and assets (Chambers, 1994 : 2), have only been exacerbated 
in the megacities of the developing world, and that this has implications for the global environment.
2.1 ECONOMIC CONDITIONS AND TRENDS
Economic conditions in the majority of the developing countries throughout the last two decades have been characterised 
by such problems as economic stagnation, high inflation, poor terms of trade, severe external debt problems and other 
domestic problems such as rising unemployment, high interest rates, unstable currencies and falling incomes for a large 
proportion of their population. These have usually had a devastating impact on the overall development of these 
countries, particularly on housing and living conditions. The quantity and availability of housing, water supply and 
provision for sanitation has been reduced, while political and social stability has been threatened.
Planned investments in expanding city infrastructure and services were often among the first to be cut during the 
recession experienced worldwide during the 1980's, while those in existence were commonly allowed to deteriorate. 
In addition, home owners, landlords and businesses also postponed investments and repair as their own incomes 
diminished.
High inflation levels have tended to encourage capital flight, discourage domestic savings and also foreign investments, 
and this in turn has led to limited domestic funds for investment in infrastructure such as sanitation and pollution control 
measures. Reduced business confidence has also meant that investors have been less likely to back large projects with 
long pay-back periods, as most infrastructure projects are.
Debt burdens have also had a crippling effect on the development of urban areas. Indeed, the UNfCHS (1996 : 8) 
reports that during the 1980's both public and private investments declined and in some cases virtually collapsed as 
sources of credit became scarce. In particular, public spending on projects including those associated with human 
settlements was reduced as debt servicing became a priority.
Essentially, global economic conditions have led to a dynamic deterioration and lack of investment in service and 
infrastructure in many urban areas of the developing world. The implications for the environment and for public health, 
both regional and global, are potentially disastrous, and in many cases have already reached these proportions.
2.2 POPULATION CHANGE AND URBANISATION
The rising levels of urbanisation and rapid population growth common to many cities in the developing countries have 
caused additional problems, in that infrastructure and service provision, hampered by the economic conditions 
described, has failed to keep up with the growth in requirements. Many governments have failed to implement pollution 
control measures and other regulations required to protect the environment and in turn the quality of life in these cities 
and the surrounding regions.
More of the urban population have been forced into unplanned settlements on the outskirts of cities, or into more 
crowded housing in the established high density areas. A lack of clean, affordable water supply and of sanitation 
services has significantly reduced the quality of life for the inhabitants, and the impact of these poor living conditions 
is not confined to these areas alone. Black (1996 : 2) states that,
"An urban space is, by definition, shared by it's citizens. Pollution or epidemic in one part is a risk to all and to 
others easily reached by modem communication systems in cities and countries elsewhere. "
Loetscher and his colleagues (1996 :2) have made an important point regarding how the socio-economic fi-amework 
is characterised in the cities of the developing world.
"The gap between rich and poor is considerable, and yet these fractions live closely together. Frequently, high and 
low income brackets are represented within the same community. Educational standards vary accordingly. "
Though the poorer members of the community may be aware of the need for sanitaiy sewage disposal, they will have 
set dieh priorities according to their limited income situation, and this differential in aspirations between closely situated 
income groups makes the selection of appropriate sanitation technologies, and in particular determining the financial 
capabilities of the users all the more difficult. Wahnsley (1995 : 48) has investigated how this influences the 
effectiveness of valuation techniques. He argues that traditional methods for environmental valuation such as contingent 
valuation, travel cost valuation and dynamic opportunity cost valuation measure societies' utilisation of a resource and 
are only considered valid in a well informed and homogenous society.
"Techniques have not yet been developed for dualistic economies with differing value systems. Once valuation 
techniques have been established cost-benefit analyses could be successfully undertaken where water resources 
developments are proposed. "
These levels of aspiration will be different again when it comes to the issue of wastewater treatment for the control of 
pollution of the external environment. The issue of environmental valuation is discussed further in Section 4.4.
2.3 SOCIAL CONDITIONS AND TRENDS
How has the continued environmental degradation described affected social progress? For all of it's shortcomings, life 
expectancy at birth is probably the indicator that best reflects social progress in terms of quality of housing (including 
water, sanitation and drainage), living conditions and provision for basic services. The majority of countries have 
continually achieved improvements in their levels of life expectancy, yet as the UNCHS (1996 : 101) state in their 
report on human settlements,
"It is impossible for a country to achieve a high life expectancy without most o f  it's inhabitants having good quality 
housing and a wide coverage by health care, including special provision for infants and children. "
The fact that preventable waterborne and waterwashed diseases are the biggest causes of infant mortality amongst the 
urban poor (See Black, 1994) suggests that the preventative health care provided by water supply and sanitation 
following public investment in iufrastructure can have significant effect on social progress.
While high levels of inequality exist within a country, it's level of life expectancy is unlikely to change dramatically. 
A study by Anand and RavaUion (1993) backs this up, and also states that,
"Economic growth is not unimportant in expanding life expectancy, but the importance o f  growth lies in the way that 
it's benefits are distributed between people and the extent to which growth supports public health issues. "
For economic growth to translate to social progress then, it's benefits need to be invested in the correct manner, to 
promote equity through improved environmental health. A poor environment will tend to lead to economic stagnation 
through (%s lost to ill health or through decreased motivation of the workforce, and so the process is revealed as being 
a cyclic one. A lack of economic growth will prevent the possibility of investment for the control of environmental 
pollution and so the situation will worsen.
2.4 THE IMMEDIATE URBAN ENVIRONMENT
"The most serious environmental problems in the world's settlements still remain the biological disease causing agents 
or pathogens in the air, water, soil and food or the vectors that spread diseases. The diseases they cause such as 
acute respiratory infections, diarrhoeal diseases, tuberculosis and malaria remain among the major causes o f  death 
and disease in most settlements in the South. "
UNCHS, (1996: 155)
These problems can be managed, given adequate levels of investment to reduce overcrowding and to provide water, 
sanitation, garbage collection and health care. Measures are also needed to control air and water pollution, at both a 
loc^ d and a regional scale. Besides the impact on human health caused by this pathogenic contamination there will be 
the impact of accompanying pollutants fiom organic material, which can reduce oxygen levels in a receiving water body 
and damage ecosystems, through nutrients which can cause eutrophication to toxins or heavy metals which have the 
potential to cause permanent environmental damage. I personally feel sustainable development will only be achieved 
when man is able to exist alongside nature, rather than when the environmental impacts made are considered acceptable 
because they have no discernible impact on man's ability to continue with his activities. I appreciate that this idealised 
view of sustainable human development may be an unaffordable luxuiy to the developing world.
2.5 INSTITUTIONAL FACTORS
The governance (relationship between government, state agencies, communities and social groups ) of urban areas of 
the developing world has exhibited three trends in the last decade or so. Decentralisation has occurred following a 
concern over the inability of many governments to deliver development programmes to their people at a local level. 
The operation and construction of infrastructure by local organisations has been noticeable, and Schubeler (1996) 
describes an example of a success of this type, in the community managed implementation of a sewer system in the 
Orangi squatter settlement on the outskirts of Karachi. Through technical simplification and efficient community led 
Uianagement of the scheme, considerable cost reductions have been achieved, making it affordable to it's users. The 
Operation, maintenance and continued financing of the scheme has been managed by the community itself, and the 
project's success has encouraged others to do the same. It has been replicated in other areas of Karachi and in other 
cities, while back in Orangi related programmes have been initiated for low cost housing improvements, small scale 
enterprise credit, health education and schools.
It is interesting to note here that the changes in environmental health described earlier following rapid urbanisation in 
Europe and North America in the late nineteenth century are reported by the UNCHS (1996 : 132) to have been driven 
to a large extent by increasingly well articulated and organised demands from those who suffered most from the lack 
of water supply, sanitation and health care. This is obviously being mirrored in certain cities of the developing world 
today.
Démocratisation has been a growing force, and this has strengthened a political culture whereby governments are more 
liketyto operate in response to public opinion and are less likely to take arbitrary and self-serving decisions than non- 
democratic governments. Perhaps in accordance with this change, there has been a growth in local social and 
environmental movements and non-governmental organisations (NGO's). Through these organisations, there has been 
a growth in the building o f cities from the bottom up. Again, in the so called sanitary revolution of the nineteenth 
century, increasingly more competent and accountable urban governments were a factor which carmot be ignored.
3 ENVIRONMENTAL IMPACTS OF WASTEWATER
In this chapter the traditional approach to wastewater management is described, and the way it is conventionally 
considered to impact the environment is discussed. The associated life cycle impacts are outlined, and the application 
of the clean technology philosophy is proposed. The range of impacts in terms of pollution of flow resources, 
consumption of non-renewable resources and waste management are detailed, and potential forms of mitigation, both 
technological and regulatory, are suggested.
3.1 TRADITIONAL APPROACHES TO WASTEWATER MANAGEMENT
Traditional methods of dealing with domestic and industrial liquid wastes have essentially been end-of-pipe or clean-up 
processes, and the term wastewater treatment plant suggests this in itself. Domestic orgamc waste, comprising both 
sewage màsullage, has either been collected on site and removed periodically, as in the septic tank or latrine system, 
or has been collected and removed simultaneously by waterborne sewerage system, long considered the desirable 
method for removal of domestic waste in the industrialised world. The latter is designed to utilise clean, treated water 
as a medium for the transport of these wastes.
Industry has in the past also utilised the water borne sewerage system to dispose of it's wastes, however harmful, and 
this has usually caused a requirement for substantially increased investment at the downstream treatment plant to deal 
witii a range of contaminants, which may even have inhibited biological and chemical treatment processes. Regulation 
and legislation has since been implemented in most of the industrialised countries to prevent industiy making these 
discharges. Pohcy measures can take the form of uniform discharge standards, pollution licensing, taxation or various 
odier economic instruments, and these are discussed further in section 3.3.4. In most cases the sewerage systems are 
combined, designed to accept stormwater as well as wastewater, and as such are of considerably greater capacity than 
they might have been were they required to cany wastewater alone.
Due to ^ s  range of users then, the water borne sewerage system carries waste including faecal matter, sullage water 
and other organics and industrial wastes. These are received by a single treatment plant. In addition, collected storm 
water, having washed impermeable urban surfaces, tends to have a high pollutant content and in traffic congested cities 
can contain hydrocarbons and lead in considerable quantities. This stormwater is commonly held at the treatment works 
in large storage tanks, since during wet weather the incoming sewer flows will tend to exceed the capacity of the plant 
for treatment. No attempt has traditionally been made to tty and minimise the volume of mixed waste entering the 
plant, and it has therefore operated at a high capacity, considering the actual mass of solid waste collected and requning 
treatment.
Following treatment, a proportion of the waste is allowed to enter a receiving water body as part of the effluent, 
provided the quality of this effluent is sufficiently altered through treatment. A range of standards have apphed over 
time, from none at all, to earlier uniform discharge standards and through to more recent ones used in some of the 
industrialised countries based on the assimilative capacity of the receiving water body and on it's use. Johnstone and 
Horan (1996) suggest that the gradual and often ill-suited developments made in Europe can be in some way by-passed 
by developing countries looking to implement or strengthen existing environmental pollution control measures, to 
increase the efficiency of their investments using lessons learned over the last centuiy.
The remaining soHd waste has been collected to form sewage sludge or biosolids, the use of which has been quite 
progressive in that it has generally been treated as a resource, for use as agricultural fertihser or for the reclamation of 
damaged land. In many cities however, and undoubtedly in the world's expanding megacities, the volume of sludge 
produced exceeds that which can be utilised and alternatives such as landfill or incineration have been used. Lue Hing 
and his colleagues (1996) report that this practice has had an environmental impact through the leaching of pollutants 
into groundwater resources through landfill sites or through atmospheric pollution beiug allowed to occur upon 
incineration of the biosolids.
3.2 A NEW WAY OF THINKING : CLEAN TECHNOLOGY
The philosophy of clean technology can be readily apphed to the cohection and treatment of domestic and industrial 
wastes. Clift (1995) has suggested one definition to be,
"'A means o f providing a human benefit which, overall, uses less resources and causes less environmental damage 
than alternative means with which it is economically competitive. "
We first ought to consider the human benefit which is derived from the process. Primarily, iu the domestic context at 
least, sanitation measures are apphed to remove or exclude faecal matter and other wastes from the immediate 
environment to prevent the spread of disease. Once these wastes have been coUected they are then treated to the extent 
that they can be returned to the environment with acceptable environmental impact. These benefits can be achieved 
in more ways than one, and the use of water borne sewerage is by no means the one which causes least environmental 
damage, nor is it the most economical^ competitive method available for achieving these benefits. In fact, it is probably 
the least.
In dieir report on development and the environment, the World Bank (1992) describe conventional waterborne sewerage 
as the Rolls Royce of sanitation technologies when compared to the motorcycle that is the improved pit latrine, and the 
authors argue that what should be promoted is the Volkswagen, able to do the same job as the Rolls Royce but at less 
cost to it's users and to the environment. Imperfect metaphors aside, an objective ought to be to minimise both 
consumption and waste throughout the whole process. This all ought to be done without compromise to the public 
health. It is important that in pursuance of the green agenda, we do not jeopardise the strive for urban sustainability, 
often tagged the brown agenda. The two need to be pursued in parallel, in keeping with the objectives of sustainable 
development as outlined at the top of the report.
As a first step, we can aim to minimise the volumes of water used in flushing. It is ludicrous to continue to use 
environmentally and economically expensive clean, treated water as nothing more than a medium for the transport of 
domestic and industrial waste. This waste, as well as sullage (or grey water) ought to be seen as a resource. By 
utilising sullage water for such things as irrigation of urban agriculture, or even as a medium for the transport of waste 
in waterborne sewerage, we can reduce volumes of mixed waste entering a plant, therefore minimising the energy and 
chemicals used in water treatment and in pumping, at httle increased risk to health. We should aim to further minimise 
consumption of finite resources, not only in energy and chemical production but also in producing materials for the 
construction of infrastructure.
The separation of sewage and sullage is an important example of waste streaming, and is particularly relevant to 
industrial waste management processes, where it should be further employed. Particular types of waste ought to be 
retained and collected together such that they might be cascaded as a resource to be used elsewhere.
Essentially, in applying the concept of clean technology to domestic and industrial waste management, we can look at 
two contexts.
i. we can examine the traditional wastewater treatment process (confined to the treatment plant) and tiy to minimise 
consumption and waste wiftiin that closed system.
ii. we can aim for a more holistic approach and consider the environmental impact ofthe whole process, applying the 
idea of life cycle thinking. Through innovative measures the same human benefits can be achieved at reduced 
environmental and economic costs, the latter particularly important given the economic conditions described earlier as 
being present in the cities of the developing world.
In the next section the range of environmental impacts caused by the entire process are considered and potential 
mitigatory measures, both in terms of technical and environmental policy solutions, are suggested.
3.3 THE RANGE OF ENVHIONMENTAL IMPACTS AND POSSIBLE FORMS OF MITIGATION
3.3.1 POLLUTION OF FLOW RESOURCES
Flow resources is a term used by Ahmad et al (1989) to incorporate both air and water. These two are considered alike 
in that a local impact will have the potential to escape the immediate environment and to cause a wider impact, 
depending on flow conditions, and as such they deserve special consideration.
3.3.1.1 AQUATIC POLLUTION
As has been pointed out in the previous section, the controlled pollution of water bodies has traditionally been seen as 
the major envhonmental impact ofthe conventional methods of dealing with domestic and industrial waste described, 
though biosolids management has become increasingly important as cities have increased in size.
Other sources of aquatic pollution will stem from production of the chemicals used in treatment, though these impacts 
are likely to occur in an external region and for this reason have rarely been considered in relation to wastewater 
treatment. The issue of ecological footprints is discussed in Section 3.3.1.3.
As well as pollution deriving from the controlled discharge of effluent, there is potential for the overflow of sewers or 
of treatment tanks in the event of large stormwater flows occurring, if a system is inadequately designed to accept 
stormwater run-off or is incapable of excluding it. Should there be temporary power failure suspending treatment of 
the waste, which is potentially a problem in countries with an intermittent supply of electricity, then these discharges 
will result in shock loads to the receiving water bodies. The idea of collecting wastes in one place can be called into 
question here. Is the risk of a shock load and it's resultant heavy environmental impact genuinely preferable to the 
steady flow of wastes over a less confined area? Transient pollution of this kind will undoubtedly occur where the 
drainage of stormwater is uncontrolled, and also with the run-off of nutrients from agricultural land, though this is 
obviously a negligible problem in urban areas.
A further source of aquatic pollution is likely to occur through the leaching of biosolids from landfill or land remediation 
sites to contaminate groundwater. With adequate measures this will not present a significant problem but where 
investment is lacking due to the economic conditions outlined earlier as being prevalent in many developing countries, 
containment of leachates and protection from precipitation will be minimal, and this is likely to cause a problem.
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3.3.1.2 AIR POLLUTION
Atmospheric pollution will result fiom energy and chemical production, depending upon the kind of regulation exerted 
upon these industries, fi'om the incineration of sludge and fi*om combustion engine driven processes such as the 
transport of biosohds. Again, the impact will initially be felt in a location removed fi-om the wastewater treatment plant. 
This is another example of a city exerting an ecological footprint on an external region.
3.3.1.3 ECOLOGICAL FOOTPRINTS AND INTERNALISING EXTERNAL COSTS
The idea of a city having an ecological footprint was first proposed by Rees (1992), and considers the ecological impact 
of a city away fiom it's immediate vicinity. Mexico City, for example, draws the majority of it's water supply from the 
Cutzamala River many kilometres away and lifts it several hundred metres (Postel, 1992) and this inevitably has an 
impact on external ecosystems. Some firms from the industrialised world have even transferred operations producing 
particularly hazardous wastes or using consumptive processes, such as pesticide production, to the developing 
countries, where the ecological footprint is as great, yet is not recognised or regulated as such by societies with less 
developed legislation for envhonmental protection, who perhaps for economic reasons cannot afford not to accept these
industries.
The external environmental costs, whether regional or global, are rarely internalised, such that the real cost of resultant 
pollution or resource consumption is commonly unpaid. A sewerage utility, for example, discharging untreated waste 
and endangering downstream ecosystems is unlikely to make it's users pay for the damage unless forced to by 
legislation, and in any case will find it difficult to attach a monetaiy value to these ecosystems. The associated problems 
are described in Section 4.4.
The issue of valuation is an important one. Sustainable waste management will only come if people are paying the true 
cost of collection, treatment and disposal. I will re-emphasise, however, that it is important that this is done without 
inhibiting potential improvements to hygiene and health amongst the urban poor by outpricing them. I wish to pursue 
environmental protection alongside urban sustainability.
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3.3.1.4 MITIGATION OF IMPACTS TO FLOW RESOURCES
One ofthe most important steps that can be made is to minimise the volumes of waste being collected, pumped and 
treated, in order to reduce energy and chemical consumption and to enable more efficient levels of nffiastructure 
investment. In particular, the reduction in the volume of treated water used as a transport medium, if not it's entire 
eradication, would considerabfy reduce environmental impact. Reduction in the volume of waste as well as investment 
in technically innovative collection systems will help to achieve this. The concept of treating the process as a service 
proposed by Jackson (1996) might be another influential step. Let us take the domestic scenario. If we were to consider 
the human benefits of sanitation and pollution control defined earlier in Section 3.2 as a service to be provided, then 
that service might be described as the removal of faecal matter and sullage from the immediate human environment to 
prevent the spread of disease, and it's return to the wider environment at an acceptable level of impact. If a single 
organisation were then employed in providing this service, it would be entirely within their interests to minimise 
consumption of resources and to fmd ways of usefully managing the removed biosolids, perhaps deriving energy from 
them. This would effectively mean the organisation were required to take back their clean water after use, and would 
encourage them to use more efficient processes with this in mind.
In the interests of this kind of development, both industrial and domestic wastes ought to be streamed, such that they 
still represent a resource which can be utilised or at least treated more efficiently. In the domestic context, for example, 
sullage water could be collected and used for irrigation to support urban agriculture or to replace clean water for 
flushing, without significantly increased risks to health. An industrial mixed waste stream containing say, organic 
wastes and heavy metals will be difficult to treat efficiently since the latter will inhibit the biological treatment process. 
Measures ought to be taken to encourage waste streaming, and to encourage industry to treat hazardous wastes on site.
With the taking ofthe measures outlined above will come a reduction in the volumes of sludge produced and also a 
better and more uniform quality. The latter is important in that it will facilitate use of the biosolids for such activities 
as agricultural fertilisation, land reclamation, and energy reclamation. This will be discussed further m Section 3.3.3.
Along with these technical innovations, a change in environmental policy can be used to reduce environmental 
degradation, and in particular the pollution of flow resources. The range of available policy measures and their relative 
merits are discussed at length in Section 3.3.4.
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3.3.2 CONSUMPTION OF NON-RENEWABLE RESOURCES
The consumption of non-renewable resources such as fossil fuels and mineral ores is generally considered to have an 
impact on a global scale, with worldwide resources gradually being depleted at a cost to future generations. Not 
surprisingly, there is little attempt to cover these costs iu terms of current pricing.
It is reasonable to consider these resources at a national scale, particularly where developing countries are concerned, 
since the limited availabihty of foreign exchange for many nations means they are restricted to their own reserves. The 
extraction and consumption of fossil fuels is probably the most significant non-renewable resource impact. Their use 
in the production of electricity and in driving combustion engines means that they are consumed in turn by the majority 
of industrial activities, such as chemical production, production of materials for mfi-astructure and the extraction and 
processing of raw materials. A proportion of a region's electricity supply may be produced by nuclear power plant, and 
besides the level of risk of accident and it's imphcations, this also requires the extraction of uranium or plutonium.
Other finite resources such as mineral ores or alluvial deposits may be consumed in the extraction and processing of 
materials for chemical production or for construction.
3.3.2.1 MEASURES TO MINIMISE RESOURCE CONSUMPTION
Once Agam, the greatest mitigatoiy effect will be had in moving toward the use of less consumptive forms of treatment, 
of collection and of waste transport. As was outlined in the last section, to reduce the volumes of clean treated water 
used in flushing of wastes is to reduce the costs (in economic and resource terms) of it's provision and to reduce the 
cost of collection and transport of the waste.
Another step might be to utilise alternative sources of energy such as that which can be recouped from the biosolids 
themselves, ehher through biogas incineration or from the production of liquid fuel described by Lue Hing et al (1996).
"Thermal conversion o f  sludge to liquid fuel has been proven at pilot scale level. Unlike incineration, 50% ofthe 
energy bound up in the sludge is recovered in the form o f a liquid oil which is storable and transportable.
The emergence of types of treatment able to use natural forms of energy is also notable. Waste stabilisation ponds, 
which are essentially solar powered and according to Gran (1996), have been in use for over 3000 years are eminently 
suitable for use in warm climates. Though they are land intensive, studies by Mara (1995) have shown that even were 
they to be built on prime agricultural land in Western Europe, they would be still be economically viable in comparison 
to more mechanised forms of treatment.
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To mirror the mitigatoiy measures set up regarding the pollution of flow resources, alongside these technical innovations 
is required a wholesale change in policy, such that regulation, legislation and economic instruments are used to reflect 
the real cost of extraction of non-renewable resources, taking into account the cost to future generations and to the 
natural environment, rather than merely the cost of extraction and processing. This improved kind of valuation would 
serve to discourage the profligate use of these non-renewable resources, and to promote the development of 
technological and regulatory innovations to reduce consumption, and in most cases to reduce economic costs.
3.3.3 WASTE MANAGEMENT
Once an acceptable level of treatment has been achieved there are essentially two channels through which the collected 
waste is allowed to escape to the natural environment in a controlled manner. Firstly, the effluent from a treatment 
works contains suspended solids including organic matter, nutrients, pathogens and even inorganic matter such as heavy 
metals and toxins, and allows them to be dispersed into the natural environment at a level which is considered societally 
acceptable, if one can accept that legislation is able to adequately reflect a society's beliefs.
Secondfy, the biosohds are somehow managed. A range of alternatives exist, though these may be limited in the Urban 
environment, particularly since a major user of biosolids is the agricultural industiy. Where transport costs to outlying 
regions are prohibitive^ expensive, alternatives include the remediation of damaged or waste land, landfilling, thermal 
processing or even incineration. In an urban environment, where land is at a premium, and agriculture is practised on 
a small subsistence scale by only a few, the greatest outlets are likely to be landfill, thermal processing or incineration.
There is potential for energy recovery in landfill, from biogas collection, but greatest benefit in urban areas is likely to 
derive from thermal processing. The aforementioned hquid fuel which can be produced and holds 50% of the biosolids 
energy obviously has great potential for feedback into the treatment process, or to generate revenue elsewhere. 
Uncontrolled incineration ought to be avoided or at the very least used to provide, for example, heating m an adjoming 
building. Being confined, the urban environment facilitates this kind of measure.
Although it may be possible to reduce total volumes of mixed waste entering a plant for treatment, the volume of solid 
waste will not be reduced, and if anything is likely to increase with time as an economy grows and lifestyles alter. In 
addition, as environmental regulation becomes more stringent the proportion of solids required to be removed will 
increase. The management of biosohds is thus likely to become an increasingly pertinent problem in the future. Part 
ofthe solution is to encourage more efficient lifestyles and to reduce industrial emissions, though the former is largely 
out ofthe control ofthe wastewater utihties and the latter means charging firms according to the composition of then- 
waste in order to make it prohibitively expensive to discharge anything other than organics. This will require heavy 
monitoring and pohcing, but as part of a move towards clean technology by industiy as a whole, will come 
automatically.
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other waste products associated with the system are spent fuels from the energy production processes, and other wastes 
from the numerous construction, manufacturing and processing industries involved. These are largely out ofthe control 
of the wastewater plant operator, unless contracts are offered to organisations with some kind of eco-labelling 
accreditation. Again, this would require considerable levels of monitoring and policing. If on the other hand all external 
costs were somehow intemahsed, market forces would drive this process.
3.3.3.1 MINIMISATION OF WASTE AND IT'S IMPACTS
Essentially then, having apphed ah the technological and pohcy options deemed feasible to the domestic and industrial 
waste management process, there is inevitably a quantity of sohd waste to deal with. The majority is dealt with in a 
controUed maTmer as biosohds, and with adequate measures this wiU not be aUowed to escape to the wider environment. 
Mitigation of a sort might be achieved through waste streaming, to increase the quahty and uniformity of the sludge and 
thus to increase it's potential uses. The removal of heavy metals is an important consideration, increasingly so as 
industrialising countries develop heavy manufacturing industries, and in this context. Lue Hing et al (1996) have argued 
that, in the industriahsed world,
"With the Rowing emphasis on source control, the quality o f most sludges is expected to improve to the point where 
they could be utilised 'as is' on land. "
The remainder ofthe waste is ahowed back into the wider environment, and this seems to me a difficult concept to 
reconcile with that of clean technology. As a form of mitigation, I feel there is a need to look at determining the 
assimilative capacity of a receiving bo(fy according to the ecosystem it supports or has the potential to support, and also 
it's use by society. At best we can aim for a sustainable level of pollution, or one which leaves a receiving body able 
to maintain it's uses indefinitely.
HR Walliugford has considerable experience of environmental modelling and can thus contribute. Through modelling 
the impact of an effluent on water quality, ecology and public health over time, a decision maker ought to be able to 
determine the assimilative capacity of a receiving body, and thus the sustainable level of loading.
In Western Europe at least, regulation and legislation is moving toward consideration of the water quality objectives 
and integrated pollution control which considers use and effect on the wider environment, and follows decades of 
progression in environmental regulation and legislation. Johnstone and Horan (1996) believe there are important 
lessons to be learned by the developing world, and this is discussed further in the next section.
Again, there needs to be consideration for the sanitaiy requirements of the population alongside that to protect the 
environment, such that sustainable social development is achieved alongside it's environmental equivalent.
15
3.3.4 ENVIRONMENTAL POLICY FOR POLLUTION CONTROL
As there is an extensive range of technological options for the control of pollution, so too are there several forms of 
environmental policy able to influence and regulate against pollution occurring.
The setting of discharge standards to which each polluter must conform has been one method which has commonly been 
used in the past, and is still ficquentfy seen as a first step in pollution control. This was certainly the case in the UK and 
throughout most ofthe industrialised countries, though it has since been shown to be inefficient. Tietenberg (1996) 
describes efficiency as being achieved when the marginal cost of pollution control is equal to the marginal damage 
caused by the pollution. Where standards are set at precisely this point, efficiency is achieved. However, this point 
differs for each polluter, and it's calculation requires considerable information on an individual industry or treatment 
works' control costs and on the marginal costs of the environmental damage caused.
Therefore, to determine the efficient level of standards for each polluter is prohibitively expensive in terms of time and 
resources, while to set a uniform standard is to incur widespread inefficiency. Some policy instruments however, can 
be used to attain cost effective allocation even when the regulating authority has no information whatsoever on either 
control or damage costs, by relying on economic incentives. The first of these is a uniform emission charge. This is 
a fee collected by the authority for each unit of pollution emitted into a receiving water body. Thus each polluter seeks 
to control it's emissions until it's marginal control cost equals the emission charge. Efficiency is achieved. However, 
for the required environmental standards to be achieved, the appropriate charge needs to be set. This can only be found 
using an iterative process, which considering the rate at which bureaucracy tends to proceed, and at which technological 
improvements are likely to be made, will be a lengthy and damaging process.
An alternative is the use of a transferable emission permit system. All polluters are required to hold permits to allow 
them to emit, and each permit specifies exactfy how much each polluter is allowed to emit. These permrts are tradeable, 
and the regulating authority issues exactly the number of permits needed to maintain the desired emission levels. A 
market equihbiium will rapidly occur, and the regulating authority will have achieved cost effective allocation without 
having considered control costs. The problem hes in determining the desired total emission level, and in setting this 
without jeopardising economic growth. Put simply, permits allow a considerable degree of certainty about the level 
of emissions, but less certainty about the costs of control and how these will effect economic progress. On the other 
hand, charges allow a greater level of certainty to be held over these control costs, but less over the levels of emission 
which wiU be achieved and thus the environmental quahty which wiU result. For sustainable development to occur, both 
environmental and economic development need to be pursued. Both methods will serve to drive a move toward cleaner 
technologies, though where this is achieved, will show differing progress.
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The methods described will be efficient where poUutants are readily dispersed throughout a region and have minimal 
localised effects. However, policies to control non-uniformly mixed pollutants as are the majority associated with 
domestic and industrial wastes, must take into account the location of the polluters as well as the magnitude of their 
emissions. The use of ambient standards is advocated. Essentially, legal limits are put on the concentration levels of 
specified pollutants in a receiving water body. Either an ambient charge system or ambient permit system can be used. 
An ambient charge is calculated according to the marginal cost of a unit of concentration reduction, and to a so-called 
transfer co-efficient, which measures the amount the concentration will rise at the point being considered if the polluter 
emits one more unit of pollution. This transfer co-efficient will be constant for a given source and will depend on 
hydrology, hydrauhcs, rates of dispersal, rates of decay and so on, and will likely require considerable modelling. The 
correct marginal cost, like the emission charge discussed earlier, will only be found through a process of iteration, with 
the problems described.
An ambient permit system, like it's equivalent, should theoretically achieve a cost effective solution through the 
operation of market forces. An ambient permit will entitle it's owner to cause a concentration to rise at a receptor by 
a specified amount. Those polluters closest to a receptor must therefore purchase more permits to legitimise a given 
level of emission. Thus the polluters pay the same market fixed price for permits, but the amount of pollution allowed 
by each permit varies from location to location. Permit markets in heavily congested urban areas could be expected 
to sustain higher prices than those in the less congested areas, and so this provides incentive for new sources to choose 
their locations carefully. The benefits of this spreading of pollution over a greater area are debatable.
Though theoretically sound, these pohcy options require considerable institutional capacity for their implementation. 
The calculation of transfer co-efficients requires considerable modelling, and attemptsliave been made to simplify the 
process. Authorities have dealt with spatial issues by setting up zones within which trading of permits is ahowed to 
occur, with less accurate but more practicable uniform transfer coefficients, and I feel this may have apphcation in large 
urban areas.
Permits have the advantage that with industrial or population growth, or with mflation, the price of permits wiU 
automaticahy rise, maintaining the same environmental standard, and wiU therefore simultaneously create incentives 
for technical hmovahon in the development of pohution control technology or cleaner industrial processes. Due to the 
institutional weaknesses previousfy outlined this automatic operation is a desirable feature of this form of enviromnental 
pohcy.
In considering the historical development of UK pohution control pohcy, Johnstone and Horan (1996) remark that it 
should be remembered that the environmental standards now achieved have developed over a long period of time, 
during which discharge standards have graduahy improved and through which society has reached greater levels of 
affluence. A phased approach to improving enviromnental standards, as and when this becomes affordable, is 
advocated.
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The author would argue that these environmental standards have been achieved in an inefficient way, for a long time 
depending on the meeting of a uniform discharge standard. Only now is the idea of a Water Quality Objective being 
used, which is in effect an ambient standard, emissions being regulated according to the use of the receiving water body. 
This is still inefficient, requiring emission standards to be calculated for individual polluters, though it is feasible due 
to the volume of data held in the UK regarding the quality of receiving water bodies, their assimilative capacities and 
such like.
Developing countries looking to implement improved environmental policy would benefit fi-om using the more efficient 
pohcy options described, and fiom using these to graduahy phase in environmental improvements so as not to limit the 
ability of their economic growth to provide these greater levels of affluence within their societies. Again, the three 
pihars of sustainable development, economic, environmental and social sustainabihty need to be pursued.
Johnstone and Horan recommend a number of additional factors which need to be taken into account in implementing 
environmental pohcy. As has been emphasised, the pohtical wih to make improvements to the quahty of the 
environment is required, and the institutional framework to implement changes and to carry out the ongoing 
requirements for regulation and enforcement needs to be present.
In proposing pohcies for sustainable development in India, Khanna (1996) suggests that the link between population, 
poverty and pohution has to be analysed against the backdrop of the ecosystem’s abihty to provide supportive capacity 
for development and if s assimhative capacity for maintenance of acceptable quahty of environment. A preventive 
environmental pohcy is advocated, and Tolba, Executive Director of the United Nations Environment Programme is 
cited.
’’Policy makers faced with long term environmental problems often argue that they cannot afford to worry about the 
remote and abstract when surrounded by the immediate and concrete. The problems which overwhelm us today are 
precisely those which, through a similar approach, we failed to solve decades ago. ’’
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4 FINANCING OF INVESTMENTS
The following chapter describes the range of alternatives available for the financing of necessary pollution control 
measures, and investigates how a city's population and those making decisions on their behalf might value the benefits 
of any proposed investments. Techniques of environmental valuation are described, and their incorporation into the 
decision making process is discussed.
4.1 THE ALTERNATIVES AVAILABLE
Though I have given httle consideration to the actual teclmical details and econontic costs of the technological and pohcy 
options suggested, I propose to do so in the future. The majority wih inevitably require increased funding, both for the 
iititial investment and for continued operation and maintenance, or in the case of pohcy measures being implemented, 
for increased levels of regulation.
A number of alternatives exist, and three major ones are outlined by the UNCHS in their 1996 pubhcation. An 
Urbanising World. The first of these is borrowing, in this context taken to be on the part of a municipal authority. This 
might be fi-om a central government fund, fi-om a private bank, or perhaps fiom an international development bank. 
The latter differ fix>m conventional international banks largely in that they have a better understanding of the particular 
requirements of the regions they reside over, and are willing to take the pohtical or other risks which the majority of 
international banks are not. Access to these funds may be restricted for local governments, and so the borrowing wih 
essentiahy be via the central government.
Where the benefits of an investment are to be enjoyed over a long period of time, as wih be the case while we are 
considering the construction of infrastructure for sanitation and pohution control, the UNCHS considers that it may be 
fair and efficient to finance such projects in part or whole by borrowing, and that this may be the only practical way 
to finance large capital projects without large and undesirable fluctuations in local tax rates from year to year.
The second alternative is that the users themselves finance the infrastructure. This could take the form of direct 
collection of payments for the instaUed services, or some form of taxation. Particular problems are inherent in the 
developing world here since sufficient institutional capacity is necessary to cohect payments efficiently, and iu some 
cases this m ^  not be present. Bolay (1994:6) reports that in Latin America, local authorities do not have the financial 
means to develop and maintain infrastructure, though the last decade has seen a growth in projects funded by 
consumption or benefit taxation, which is dependant on use of the resources rather than on declared income. For 
efficient administration to be facihtated, land or property ownership may need to be well organised. This is another 
issue, but is sometimes an added benefit of these kinds of community led schemes.
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With these user-led schemes, significant initial financing may be necessary so that work can begin without the need to 
collect from prospective beneficiaries in advance. The latter is particularly unfeasible where infrastructure is being 
constructed to serve the urban poor. As Singha (1996) reports, people may have the abihty to pay surprisingly 
substantial charges for water supply or sanitation on a weekly or monthly basis, but are unlikely to be able to provide 
large amounts of capital upfront to finance construction. This situation presents an obvious opportunity for a 
combination of borrowing and user financing. A loan used to fimd the initial investment can be paid off by prolonged 
user payments. In effect, the local government acts as a developer.
A third form of fimding is that of private financing, gaining growing acceptance in the industriahsed countries, though 
not without opposition. Private companies are generaUy invited to bid for contracts to design, build, operate and 
maintaiu infrastructure developments, and hope to recoup their costs either through cohection of payments direct from 
the user or through payments fiom pubhc fimds, these usuaUy performance related. This method in particular requires 
carefiil planning and cohaboration between local government and contractor to ensure the correct type of service 
provision. The economic benefits of the approach are arguable, and care needs to be taken to ensure that pubhc sector 
borrowing is not merely replaced by private sector borrowing, which is often more expensive.
Two notable examples of this type of approach to financing are the contracts which have been taken on by North West 
Water of the UK, to instaU water supply, sanitation and pohution control facihties on a design, buhd, operate and 
maintain basis in Bangkok and Mexico City, two of the largest cities in the world. There are sure to be some interesting 
developments in the future with regard to these projects.
4.2 THE CONCEPT OF WH.LINGNESS TO PAY
It seems to me that whatever financing mechanisms are used, the level of investment possible wih be highly dependant 
on the financial capabihties of the eventual users or beneficiaries of the service. Where investment in pohution control 
is being implemented, the beneficiaries may be considered the entire population of a region, and so funds could be 
sought fix)m regional or national pubhc funds. Sanitation measures are obviously more targeted, and so the capabihties 
of individuals or households wih come into consideration.
In the latter case, many commentators suggest that it is unsustainable to invest at a level beyond that which is affordable 
to the user and then to subsidise this using central funds. The view of the large international banks is an interesting one 
in this respect, and Davey (1993) of the World Bank states that services such as water supply and sewerage are 
improved for ah if charges fiihy cover both operating and capital costs. If water supply costs are not fuhy recovered, 
for example, low-income groups end up with a few hours of treated water a day, or none at ah. It is argued that the 
pubhc doesn't reahy gain from subsidy, least of ah the poor.
20
In some cases even the minimum level of investment may be unaffordable to the lowest income groups, but here the 
close proximity of rich and poor outlined by Loetscher et al (1996) as being prominent in the cities of the developing 
world could prove advantageous. It could be feasible, for example, to look at the potential for different sanitation 
facilities to link to the same sewer. The low cost pour-flush toilet and low volume flush toilet, for example, are 
considered to provide different levels of convenience, but both are equally effective in preventing the spread of disease. 
However, die rich wUl be willing to pay more for an increased level of convenience and tiiis price differential could be 
exaggerated to reduce costs to the poor. Although this idea of the comparatively rich members of a community 
subsidisiug the poorer members seems practicable, an important part of the feasibility study for such a scheme would 
involve determining the willingness to pay for this measure on behalf of the richer members of the community. This 
is an important issue.
4.3 FACTORS INFLUENCING WILLINGNESS TO PAY
The willingness of a community to pay for sanitation services and for pollution control measures will determine the 
likelihood of their prolonged success. Briscoe and De Ferranti (1988) propose a number of factors which will influence 
this willingness to pay.
Firstly, the perceivèd benefits of any development will be influential. These may include convenience, amenity, 
economic benefits, health improvements and environmental improvements, amongst others. The importance of the 
word perceived needs to be emphasised. A community's reasons for wanting sanitation and pollution control measures 
will probably be in a different order of priority to that which an external organisation called iu to implement the 
measures may expect. In his study on the health impacts of on-site sanitation, Muller (1989) observes that the current 
received wisdom is that the objectives of sanitation centre around health. That is certainly a component. But in the 
minds of the users, privacy, comfort and convenience are as important. The prevention of smell and the removal of 
excreta from the household are probably more important to the user than a nebulous improvement in health. And 
Ryneveld (1995) makes the poiut that for the user, impact on the environment, if it is not the user's immediate 
environment, can be an even more nebulous concept. I will return later to the issue of environmental valuation, and in 
particular to consider how a community, or the authority which governs it can be convinced of the need for protection 
of the wider environment.
The second factor identified by Briscoe and De Ferranti is income. It is important to differentiate between the ability 
of a community to pay and it's willingness to pay. Certainly, people may be willing but unable, or even able but 
unwilling. The prices of other goods and services will be important. The authors have observed that charges are often 
compared to what is paid for other services. Also of significance is the value of women's time. Women are generally 
the ones responsible for water collection and for sanitation. If their time is valued then there is a greater willingness 
to pay for improvements to these services.
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The level of service is important. The beneficiaries or users of a service’s willingness to pay will depend on the quality 
of that service, and equally, will depend on the existing level of that service. If this is deemed acceptable then the 
willingness to pay for improvements will be low. Finally, a lot will depend on the credibility of the external agency 
proposing to implement die service. Where this agency has proved in the past that it can deliver what people want then 
they will be willing to pay, while conversely, a bad experience in the past will result in hesitancy.
Essentially then, as Ryneveld (1995) puts it,
"The amount o f money that can realistically be expected to be recovered from consumers lies somewhere between that 
indicated by ability to pay and that indicated by current willingness to pay. "
I would personally argue that either of these factors could feasibly change, and most likely rise over the lifetime of a 
large infrastructure project of the type we are talking about, particularly if the project is successful and shows tangible 
benefits. I feel this should be considered in the decision making process, and this might mean installing technical 
infrastructure with potential and capacity for upgrading, or even planning a phased charging scheme, in which the 
majority of costs are recovered in die later years of the infrastructure's operation. The notion of phased pollution control 
measures has been explored in greater detail in Section 3.3.4.
4.4 ENVIRONMENTAL VALUATION
One aspect of a community's aspirations that might change in particular is it's valuation of the quality of the wider 
environment. Having looked at the ways in which revenue might be derived from the individual members of a 
community for sanitation, and having assumed that their ability to pay for pollution control measures in the short term 
win be limited, how might a cost be attached to pollution of the external environment, such that the funding body, likely 
a local authority, can evaluate the amount that can feasibly be invested in measures for control of this pollution?
Writing for the Environmental Economics Programme for South East Asia, Glover (1995) recognises that valuation 
techniques can be used to assess the efficiency of a single proposed investment, to set priorities or to design pricing 
pohcies. His valuation of environmental improvements, however, is concentrated specifically on the health impacts, 
and this limits the range of available methods.
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We are far from having one definitive method, and Winpenny (1991) suggests a few categories into which the various 
possible effects of water pollution can be grouped such that they can then be evaluated. The first of these is the effect 
on human welfare. A major problem when looking at the marginal costs of pollution, as is the case in the majority of 
valuation techniques, is that it is hard to draw a precise link between a certain kind of pollution, still less from a 
particular source, and a change in the level of health of a defined group of people. To obtain some kind of dose- 
response fimction, it is necessaiy to know the sources and the extent of pollution contaminating a given water body, to 
model the dispersal of the pollutant and hence to estimate the number of people at risk and the extent of their exposure.
This is a difficult process, even in the comparatively data rich industrialised countries, and so in the developing world, 
where data will often be incomplete, unrehable or unaffordable to collect, the possibility of establishing a link will be 
very difficult. To make matters worse, confounding factors such as diet, smoking habits or the working enviromnent 
will wield an influence and make any results difficult to interpret.
Anotiier method of evaluating health impacts is to measure the wilhngness to accept compensation for ill health, while 
the use of hedonic methods or of wage valuation have been used in the past, but tend to rely too heavily on the existence 
of a homogenous society with a well operating free market economy, which we have already seen to be absent in many 
cities of the developing world.
Winpenny considers the second impact of water pollution worth considering to be that where environmental conditions 
cause loss and inconvenience to pubhc services, for example where pubhc water sources become contaminated. Forms 
of valuation suitable for this kind of impact include effect on production and replacement cost. Where an impact is 
anticipated and prevented, for example through immunisation to prevent a pubhc health impact, preventative 
expenditure is the measure to use. This wih be more readily measurable by a pubhc authority, though it's utihty in the 
context we are talking about is limited.
Industrial output can also be affected by pohution, though for use in evaluation requires extensive data cohection from 
amongst the private sector. Where much of this sector is informal, as has been described to be the case in the 
developing countries, this wih be ah the more difficult. Preventative expenditure for the treatment of water prior to it's 
use in industrial processes, or the effect on production where pohution damages fisheries or tourism and recreation 
could be valued. Here, it is again required that cause and effect are clear, and data cohection and modelling could be 
prohibitively expensive.
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One approach is to value the expense that industry will go to in curbing emissions, and in theory these should equal the 
avoided environmental costs. Crucially, it has to be assumed that the polluters or their regulators know the cost of the 
environmental damage caused, and this presents us with something of a chicken and egg situation. It requires that the 
level of regulation is sufficient^ well developed, and uses some kind of economic mechanism whereby the correct price 
is already attached to environmental damage. This will depend on the kinds of environmental policy in operation, and 
these have been discussed in Section 3.3.4.
Finally Winpenny looks at the evaluation of damage to amenity and to priceless assets.
"Threats to urban amenity are a cost to psychic well being, recreation, health and tourism. Parks, beaches, rivers 
and open spaces have great, but usually unpriced value to city populations, especially to those unable to afford 
private facilities. "
The two most common techniques for valuation of this kind of resource are travel cost and contingent valuation, though 
there appear to have been few apphcations either in developing countries or apphed to urban amenities. Valuation can 
even be based on the willingness of present users and even non-users to preserve these facihties.
4.5 SUITABILrrY OF THESE METHODS
As has been emphasised, the basic pre-conditions for the use of any of these techniques in the urban environment are 
that cause and effect are weU estabhshed and that costs and benefits are attributable. Particularly when we are 
considering the pohution of flow resources, these conditions rarely exist, since there are usuahy several contributors 
to this form of environmental degradation. This problem has been exacerbated by the fact that even where cause and 
effect relationships do exist, the lack of extensive or rehable data and the prohibitive cost of attaining it are prevalent.
Perhaps the most feasible methods, though much criticised, are benefit and cost estimation incorporating the forms of 
valuation considered most suitable in a given case, which can at least provide an introduction as to the orders of 
magnitude of the costs of pohution, whhe cost effectiveness analysis can provide guidance on the least cost methods 
of achieving given standards.
Being able to attach a monetaiy value to the costs of environmental pohution, however flawed the methodology behind 
it, can be at least one way of convincing those who make investment decisions, the economists identified by Ludwig 
(1992), that environmental protection is worthwhile. The decision making process is examined in the following section.
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5 DECISIONMAKING
In the cunent strive for sustainable development, the need for protection of the environment as a whole has come to the 
fore. Work needs to be done to investigate how the developing countries can be convinced of this at all levels, from 
central government down to the man on the street. The majority of funding for pollution control is likely to come from 
central or regional government funds. There is undoubted^ awareness and a recognition of the sustainable development 
agenda at an international level of government, but whether this has filtered down to decision makers at a regional level, 
or how to encourage it to do so is an issue which should be investigated further.
In particular, the philosophy of clean technology is one which could prove to be valuable to industrialising nations, who 
are at a stage where industries are now being set up. Clean technology could be installed at the outset and make 
significant long term savings. So how might the philosophy be promoted and gam acceptance in the developing world? 
How can the decision making process be influenced?
The following chapter examines the problems with current decision making procedures, and then describes a series of 
decision making aids which have been used previously. These are criticised along with the most recent work in this 
field, and proposals for an improved decision support system and the development of a prototype are given.
5.1 THE NEED FOR IMPROVED DECISION MAKING
The lack of awareness of the need for environmental protection to ensure sustainable development and of the reasons 
for wastewater management found by Horan and Parr (1994) has led to a lack of positive planning and regulation.
This is considered to be one of the major reasons for the failure to implement pollution control measures and the failure 
of a great number of wastewater management strategies in the developing world, and is said to contribute to a situation 
where inappropriate choices are made in the first instance, before any design or construction has taken place.
The latter phenomena is ascribed to three factors. The first of these is a level of technical ignorance, particularly on the 
part of those involved in the decision making process. Where this exists at the highest governmental level, it can lead 
to a failure to advise, legislate or regulate competently, and can mean funding is not allocated efficiently or to where 
there is greatest need. Where this ignorance of the requirements for proper wastewater management is in existence at 
the level of the organisation responsible for the infrastructure's implementation, for example a local authority, it can 
mean a set of proposals are not properly evaluated, leading to selection of inappropriate options, and at the level of the 
technical staff can mean that the correct operation and maintenance of the infrastructure is not carried out.
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Ignorance on the part of some foreign consultants employed to carry out design has also been exhibited in the past, 
particularly with regard to a failure to consider all the relevant factors specific to a particular scheme or region. All too 
often designs appropriate to the consultants own region, commonly the industriahsed countries, has been directly 
transferred to the developing world.
This "failure to consider all relevant local factors" is given as the second reason for inappropriate process selection. 
The consideration of all factors besides the technical requirements is essential if sustainable development is to be 
achieved. Too often decisions are made on financial grounds alone. Significantly, Ludwig (1992) has noted that,
"The decision makers in practically all developing countries, at the technical level, are economists. "
The third reason for inappropriate process selection is identified as the use of inappropriate discharge standards or other 
forms of effluent control. These are the link between what is desired socially and environmentally, and what one can 
afford economically, technically and institutionally. Standards which are too loose will result in undesirable 
envhoumental degradation, while those which are too strict may force the implementing authority into adopting levels 
of technology which they cannot properly operate, therefore wasting resources, or may be simply unenforceable. In 
setting standards, particular consideration needs to be given to the levels of monitoring and enforcement which will be 
required, and perhaps to the institutional capabilities of a city in terms of the abihty to collect fines, impose taxes and 
so on.
5.2 METHODS OF DECISION SUPPORT
Numerous attempts have been made at improving this situation and at countering the problems outlined, through the 
use of decision support. These range fi-om descriptive documentation through to computer based expert systems. 
Documents such as those produced for the World Bank by Palange and Zavala (1987) and by Grover (1983) try to 
present ah the issues which need to be taken into account and offer guidelines on how to come to an optimal choice. 
I feel that in this format it is very hard to be completely comprehensive while simultaneously being able to produce a 
guide which is relevant worldwide.
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Checklists have also been developed. These also aim to cover all relevant issues yet are generally less directive, and 
simply aim to help the decision maker lay out the required information in a concise and readily usable way, and to act 
as a thought provoker. A common practice is the use of decision matrices, whereby values are assigned to the relative 
merits of different options in relation to certain factors under consideration (e.g. environmental impact or net present 
value) These factors are commonly assigned weightings according to how important the decision maker feels they are 
in relation to each other (e.g. net present value is three times more important than environmental impact). The values 
for each option are then totalled to produce an overall score, the most appropriate option theoretically coming out on 
top. There is a danger here of over simplification of a complicated process in order to fit it into the framework of a 
usable model. As Rondinelli (1983) says,
"Comprehensive planning and systems management techniques are incapable o f  coping with the complexity and 
uncertainty o f  emerging problems. They do not encourage the flexibility, experimentation and social learning that 
are crucial to implementing complex and uncertain ventures successfully. "
5.3 RECENT WORK
Two of the most recent pieces of work in this area have adopted this kind of methodology. In developing an 
optimisation model for the selection of wastewater and sludge treatment alternatives, Tang (1997) uses a systems 
analysis technique, the analytic hierarchy process. Although the model enables the consideration of subjective 
parameters such as environmental, social and cultural factors, climatic considerations, land and foreign exchange 
availabihty, a fundamental part of it's operation is the employment of the subjective weighting of these parameters, 
based on the decision makers experience. Where this experience is limited, as may be the case in developing countries, 
or a number of stakeholders exist with differing priorities, as is almost certainly the case in sanitation and pollution 
control, I feel the technique could serve to comphcate the process. In particular, any processes which have gone into 
making a decision will be clouded wiüi these weightings. I feel transparency is of paramount importance in any decision 
making process, such that anyone with an interest can see how a particular conclusion has been arrived at, and can then 
contest or debate the assumptions made.
A similar methodology has been used by Loetscher et al (1996) in the development of an expert system, SANEX, for 
the evaluation of sanitation projects in developing countries. Although the authors recognise a need for simplicity, citing 
the Pareto principle, that is, after a certain level of sophistication a minor marginal gain in model precision is only 
obtained through drastically increased system complexity, they also recognise a need for transparency, and propose 
that,
"The more criteria are assessed, the smaller is the marginal contribution o f each criterion to the final result, and the 
less transparent system behaviour becomes".
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Although this is recognised, their system also incorporates considerable reliance on the relative weighting of these 
criteria by the decision maker, bringing the problems already described. The optimal choice is decided upon by trade­
off between two indicators, implementabiUty and sustainability. I feel this is a step in the right direction, in that it 
allows the decision maker to consciously make a choice and for example, to make concessions with regard to 
sustainabihty in favour of increased implementabihty, without giving these indicators prior weighting. However, I feel 
this needs to be extended further, and I am currently looking into work being done at the University of Newcastle upon 
Tyne by Todd and Sen (1997) to develop a multiple criteria genetic algorithm to support this kind of decision making. 
Briefly, a range of optimal solutions are produced, avoiding the use of weightings, and then a series of trade-offs are 
carried out at the end ofthe process to select the favoured solution. I feel this is a more transparent approach.
The SANEX method criticised above has been incorporated into an expert system. This form of selection aid has been 
employed by others iucluding Reid and Coffey, who developed a system for USAID at a very early stage in the 
development ofthe technology, by ONeiU et al (1990) and by Yang and Kao (1996). Both of these systems are limited 
in their scope, Ailing to take into consideration any economical, financial, environmental or health issues. O'Neill and 
his colleagues argue that indeed, an expert system can effectively cover technical design issues or certain simple 
situations, but it will always be difficult to simulate the complex web of decisions made by a team of experts on an 
expert system. In addition, there is a danger that a system intended only as an aid to decision making could be used as 
a complete decision making tool.
Another form of selection aid is the algorithm, whereby the process and steps that need to be taken are incorporated into 
a manageable flowchart. Like expert systems only more so, these are potentially excellent models for relatively simple 
situations, such as in-house sanitation technology choice in a low income community, but their inherent simplicity may 
not lend itself to more complicated situations.
Besides knowledge based expert systems, numerous other applications of information technology have been applied 
to various systems for the management of the aquatic environment. A comprehensive survey of these apphcations of 
hydroinformatics is provided by Price et al (1997). Examples of the use of information technologies in computational 
modelling, data management and artificial intelhgence are given. Document management, the use of digital hbraries 
and of distributed information systems, particularly the internet, are described and I have been looking at their potential 
for apphcation in decision support for pohution control in the megacities of the developing world, given the situations 
already described. In particular, I have been investigating the use of expert systems, taking into account the problems 
outlined with respect to this form of artificial intelhgence. In an attempt to understand the basic theory behind these 
tools, and to see how they might best be apphed to the decision making process in developing clean megacities, I have 
been attending a course in knowledge based expert systems at the University of Surrey.
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5.4 THE VALUE OF CHECKLISTS
For the immediate future, I see greatest potential in the further development of the use of a comprehensive checklist, 
designed to make sure that all the relevant factors are considered by the decision maker, and see this as preferable to 
the idea of a model which outputs specific proposals. The latter are described by Horan and Parr (1994) as being,
"Unrealistic as they often call for unavailable information, ignore political realities, fail to understand local cultural 
and social conditions, and over estimate the administrative capacities o f institutions in developing countries. "
5.4.1 HORAN AND PARR’S AH) FOR SUSTAINABLE PROCESS SELECTION
A methodology proposed by Horan and Parr (1994) is presented on the following pages; See Table 5.1, Figs 5.1 and 
5.2, and Section 5.4.2. From what I have read so far, I believe this to comprehensively cover the range of factors which 
need to be taken into account when selecting sanitation and pollution control measures. However, it is designed to select 
only appropriate technological process options. As the authors themselves concede, this doesn't in itself constitute a 
sustainable wastewater management strategy. In addition, the selection of appropriate effluent standards and controls 
is fimdamentally linked. Onfy with these too being implemented can a successful pollution control strategy be achieved. 
It might even be said that standards need to come first so that designer of the technological process can aspire to meeting 
them.
In addition, no consideration is given to the other environmental impacts outlined earlier in this report. There is a need 
to adopt a clean technology philosophy and to somehow apply it to the decision making process and to make special 
allowance for the constraints and opportunities presented by tire urban environment.
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TABLE 6.1 A CHECKLIST OF FACTORS TO CONSIDER IN PROCESS SELECTION FOR
SUSTAINABLE WASTEWATER MANAGEMENT
Factors to consider
1. Economy
Structure; output by group; industrial component; 
employment; foreign exchange earnings (exports)
Size; future prospects; balance of payments; trade 
relations; isolation and vulnerability; foreign 
exchange and capital availability; distribution of 
incomes
2. Institutional Capacity
Existing roles and responsibilities for organisation 
and management; relationship between departments; 
level of staffing
Existing infrastructure; performance and operation 
and management of existing sewage treatment works; 
water losses; responsibilities
Legislation; policing and regulation responsibilities 
and capabilities
Politics; bribery and corruption
Finance : sources, availability, relations with donors, 
aid agencies, etc.; use of the private sector; 
willingness to pay
3. Technological Factors
Education levels; skills; structure of workforce; 
training
Availability of materials/spare parts; availability of 
local knowledge and expertise
Wastewater characteristics : composition, flow 
variations, sources, industrial component
Present water supply and sanitation facilities; 
proposed future investments
Problems of sludge disposal
Design life of sanitation facilities
Discharge standards and controls
Relevance
Reliance on sectors of the economy : may limit or 
favour treatment options
Ability to cope with, and respond to, change : to pay 
and sustain
Ability and willingness to expand and cope with 
change; may preclude or favour certain treatment 
options; requirements for staffing, training, etc.
Ability to expand and cope with change; operation 
and maintenance duties, water management issues, 
may preclude or favour certain treatment options
Ability to cope with change
Fundamental effect on all processes
Basic consideration : is it affordable, who pays and 
how? Consideration should be given to phasing of 
projects
Ability to cope with sewage treatment technologies
May preclude or favour certain treatment options
May preclude or favour certain treatment options; 
nutrient imbalance; shock loadings; toxicity problems 
must be addressed
Ability to cope with new facilities
Often underestimated
Discounting a project to net present value over design 
life has a large effect on what type of project is viable
Evolved to protect health or ecology; must be met by 
dischargers
4. Environmental Factors
Climate; land availability and use patterns; geology; 
soil conditions
Precludes or favours certain treatment options 
(including sludge disposal)
Hydrology (rainfall, river flows); groundwater 
characteristics; sea currents (if applicable)
Dilution / assimilation capacities
Water use : for domestic, agricultural (irrigation) 
purposes; future trends
Water demand and management; wastewater re-use 
and recycling possibilities
Water resources : availability, reliability, quantity, 
quality; future prospects
As above
Special factors, e.g. presence of sensitive areas, 
wildlife habitats, areas at risk of eutrophication
May need special protection; related in effluent 
standards
Impact of any plant: noise, smell, insects, rodents, 
health considerations and visual impacts
Must be considered before selection
5. Social factors
Health characteristics; important faecal related 
diseases; health services available
May necessitate certain types of treatment (to protect 
health)
Demography : population distribution (age and 
location, growth rates); migration; urbanisation
Present and future demands and needs
Cultural and religious aspects, including sanitation 
aspects
May preclude or favour certain treatment options
Housing facihties, type, distribution As above
Public desires and preferences; aesthetic 
considerations, pressure groups; welfare and equity 
considerations; willingness to pay for wastewater 
treatment improvements
As above
Attitudes to the use of land As above
Water demand and use; tariffs, methods and ability 
for payment; willingness to pay for water
As above, plus water management considerations 
(need for re-use etc)
6.4.2 THE FORMAT OF HORAN AND PARR’S CHECKLIST AND HOW TO USE IT 
(SEE ACCOMPANYING FIGURES 6.1,6.2 AND TABLE 6.1)
The proposed checklist is based on how decisions are made in reality. Figure 6.1 is an original interpretation of 
how process selection should take place for sustainable wastewater management. The consulting engineer must 
be competent at performing the two functions at the top of the diagram, hi the second stage, the objectives of 
any wastewater treatment process are evaluated based on the wastewater characteristics. This raises the 
question of what is to be removed, and crucially, why?
Referring to Figure 6.1, once the objectives have been identified, the issues that may act as constraints on the 
development and sustainability of a wastewater management strategy must be considered. It is obvious from 
previous discussions that it is this process which is frequently neglected.
Figure 6.1 shows that, once the constraints have been properly evaluated, process options are selected. This 
should ensure that process options are appropriate. However, the selection of process options in itself does not 
constitute a wastewater management strategy, hi addition, the selection of seemingly appropriate options does 
not ensure that the strategy is sustainable. It is obvious from previous arguments that the setting of effluent 
standards and controls is fundamentally linked to the selection of options, and it is argued that only with these 
two processes occurring has one achieved a wastewater management strategy. Hence process options and 
effluent standards are interdependent. Therefore any master plan considering what process options to select 
should carefully assess the employment of effluent standards. Further more, without the setting of appropriate 
standards, a sustainable wastewater strategy will not be achievable.
Figure 6.1 illustrates these points and shows the authors interpretation on the derivation of the term appropriate 
technology.
Figure 6.2 illustrates that there are two decision processes occurring in the establishment of a sustainable 
wastewater management strategy. The central decision making process involves the process selection decision 
itself, which depends on the available appropriate process options and the effluent standards. Figure 6.2 also 
illustrates that in coming to any conclusions about these three central issues one has to consider the five core 
areas and all the factors they entail, as contained in the checklist. Table 6.1.
The use of the checklist itself should be enhanced by reference to Figures 6.1 and 6.2, and so these three should 
be seen as being complementary. Figure 6.1 shows the stage in the process selection procedure when the use of 
the checklist is necessary, and Figure 6.2 demonstrates the manner in which the checklist should be used.
FIGURE 5  PROCESS SELECTION FOR SUSTAINABLE WASTEWATER MANAGEMENT
Identification o f one usually helps with identification o f other
Process must meet standards
Appropriate Technology
Standards must reflect technical ability to achieve them
Identify areas and groups at risk 
(Environmental and Health Risks)
SET EFFLUENT DISCHARGE 
STANDARDS AND CONTROLS
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control, and WHY
Identify sources of pollution and 
characterise load
(volume, quality, frequency)
Identify CONSTRAINTS on the 
development of a sustainable 
wastewater management strategy
SELECT PROCESS OPTIONS
FIGURE 6.2 FACTORS TO CONSIDER IN DECISION MAKING FOR SUSTAINABLE 
WASTEWATER MANAGEMENT
Process
EfQuent
Standards
IMELEMEOTATICSS OF A 
SOSTAINABIE WASTEWATER 
TREATMENT SIBATEGY
5.5 PROPOSED DIRECTION : DEVELOPMENT OF A DECISION SUPPORT SYSTEM
Taking into account the work I have done so far in investigating methods of decision making for pollution control, and 
taking what I have learned from various reviews as to the suitability of various aids to be used in this area of decision 
making, I have begun to develop a prototype decision support system.
I have become familiar with a computer based tool, SafeDIS, developed by CoUingham (1996) at the University of 
Surrey. This is a program developed to be used at a practical level by those involved in the remediation of sewerage 
networks, and has been produced with the eo-operation of a round table of experts from the UK water industry to be 
relevant to their needs. The format of the program allows a senior drainage engineer to select a series of tasks required 
to be carried out in order to properly evaluate and cany out the necessary requirements for the remediation of an existing 
sewerage network. The program is then used to present these tasks to a junior engineer on site, so as to ensure 
comprehensive coverage of the tasks necessary. An important aspect of the tool is ifs use of knowledge based rules 
and heuristics, gleaned from experienced engineers, to identify potential safety problems and to highlight these to the 
junior engineer on-site. This is achieved with a system of prominent red, amber and green safety flags, used to indicate 
the potential safety impact at each stage. As well as this use of a knowledge base, the tool also incorporates a limited 
digital libraiy, and allows access to the internet.
With it's use of these various forms of hydroinformatics, I see the format of this program as having great potential for 
the development of a decision support system for use in decision making in the field of clean megacities. With the 
eonsent of the author, I have been given a shell of the program, retaining the presentation and operation which 
significantly, has already been audited and validated by the aforementioned group of experts, and I feel this is 
particularly valuable with regard to the user-friendliness of the software.
As a first step in the development of a prototype, I have chosen to take the factors to consider from Table 5.1, and in 
keeping widi the simplicity of the checklist philosophy, have used the SafeDIS format to simply present these to the 
person using the tool, the potential decision maker. These factors will require amendment to make them speeifically 
applicable to large urban areas.
Significantly, to counter the second identified failing of this set of factors, I anticipate using the prominent flagging 
system previousfy used to highh^t danger to emphasise to a decision maker the potential environmental impacts at each 
juncture, and thus to promote the development of clean technology. The potential of the system to access external 
reserves of documentation and information is potentially valuable in this respect.
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Finally, the ehecklist presented by Horan and Parr upon which this prototype will loosely be based is, as I pointed out 
in Section 5.4.1, for the selection of the optimal technical process options available for wastewater treatment. There 
is room for further work to develop the tool to aid decision makers in the selection of appropriate environmental policy, 
considered of equal importance yet largefy unaccounted for in the proposed checklist. In addition, I hope to incorporate 
into the tool an appreciation of the fundamentals of waste management, such that alternatives to wastewater management 
in the conventional sense might be explored.
Depending on what I ean achieve, I can then see the development of a decision support system to aid in the selection 
of clean technological process options and appropriate poliey for environmental pollution control. If these two systems 
were able to operate successfully in conjunction, they could go some way toward encouraging sustainable, clean 
sanitation and pollution control for the megacities of the developing countries.
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6 SUMMARY AND CONCLUSIONS
The following chapter is an attempt to summarise this report. Clean Technology and Clean Megacities, which is based 
upon the findings of a hterature review and upon the progress enjoyed throng the first six months of an EngD project 
being carried out through collaboration between HR Wallingford and the Department of Mathematics and Computing 
Sciences at the University of Surrey. I will summarise what has been derived firom the research and highlight how this 
will influence the future direction of the project.
In the earty years of die next century the majority of people will live in urban surroundings. Many will live in cities of 
over ten million people, megacities, and the present and potential impact of these massive urban areas on the natural 
environment is enormous. Lessons need to be learned fi-om the experience of the rapid urbanisation which occurred 
with the industrialisation of eities in Europe and North America late in the nineteenth century.
Today's megacities need to be managed such that sustainable development, incorporating environmental, social and 
economic sustainability, is achieved. There is a need to strive for clean megacities, and the management and 
minimisation of their wastes and of their consumption of valuable resources is essential.
Considerable potential for change would appear to be in influencing the decision making processes used by those 
governing these cities, and in partieular those which deal with investments in the implementation and strengthening of 
infrastructure and services. There is need for sustainable development to be the prime consideration in decision making, 
and the use of decision making aids or supports can serve to encourage this.
The prevailing economic conditions in the cities of developing countries, and in particular high inflation levels and debt 
burdens combined with rapid urbanisation, have led to a lack of adequate investment in infi-astructure and services. An 
equally rapid deterioration in the quality of life of the inhabitants of these cities has resulted, and an increased impact 
of these urban areas upon the surrounding environments has followed. Trends in governance at least are encouraging 
in that they are beginning to mirror those which led to environmental improvements in the nineteenth centuiy sanitary 
revolution which occurred in the rapidly expanding cities of Europe and North America.
It has been shown that the environmental impact of domestic and industrial waste and the eonventional forms of 
treatment and management is greater than that which has been associated with them in the past. Mitigation of these 
impacts can be found in reducing levels of resource consumption, in particular clean water, and in better management 
of collected wastes. The derivation of energy from collected biosolids is an option which needs to be further exploited.
The need for regulation to control environmental pollution can not be imderstated, and there is a need to investigate ways 
in which a system based upon the use of ambient permits, shown to be econorrrically efficient, can be encouraged in 
situations where institutional capacity may be insufficient to implement the kinds of permit systems used in parts of the 
industriahsed world, as is likely to be the case in the megacities of the developing world.
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Phased implementation of standards and technologies is advocated, in order to bring gradual improvements in 
environmental quality and to maintain industrial and economic competitiveness. This is essential if the three aims of 
sustainable development, environmental, economic and social sustainability are to be pursued together.
Where past investments in pollution control have tended to be unco-ordinated, implemented as, where and when 
necessary, there should be a move to encourage integrated planning, such that investments can continue to take place 
on a gradual basis, when finances allow, yet are planned to operate in conjunction, eventually becoming more effective 
than the sum of their parts.
In planning pollution control measures, there is a need to consider financing, and eventually the willingness and ability 
of the users or beneficiaries to pay for the necessaiy investments and to continue doing so. Determimng the value placed 
upon the quality of the environment, both immediate and external, is a fimdamental process. These environmental 
values need to be incorporated into the decision making process, and in particular into planning and regulation decisions, 
alongside financial considerations. Much work has been done to support the decision making process in this area, and 
the use of information technology has long been employed in these applications. Problems ean be identified with the 
majority of those described.
A prototype decision support system is proposed by the author, able to present the necessary factors to be eonsidered 
to a decision maker. Amendments are proposed, based upon the findings of this report, to further consider 
environmental impacts, to investigate how the system might be used to design environmental pollution control policy, 
and to incorporate environmental modelling into the system to help determine sustainable levels of pollution.
It is hoped that this prototype can be incorporated into the decision making process at the plamiing level, specifieally 
in apphcationto the megacities of the developing world, and that this might encourage clean, sustainable development.
38
BIBLIOGRAPHY
Ahmad, Y J, Serafy, S and Lutz, E, (1989), Environmental accounting for sustainable development. UNEP-World 
Bank Symposium, Washington, DC
Ahmad, K, (1997), Artificial Intelligence : An Introduction. Lecture notes. University of Surrey
Anand and Ravallion, (1993), Human development in poor countries : on the role ofprivate incomes and public 
services. Journal of Eeonomic Perspectives, Vol 7, No 1
Black, M, (\99A), Mega-Slums : The coming sanitary crisis. WaterAid Publications, London
Black, M, (1996), Thirsty cities : water, sanitation and the urban poor. WaterAid Publications, London
Bolay, J, (1994), Urbanisation and environment : Which sustainable housing for the poors o f  Latin America? 
Working paper presented at 2nd Symposium on Housing for the Urban Poor, Birmingham
Briscoe, J and De Ferranti, D, (1988), Waterfor rural communities : helping people help themselves. The World 
Bank, Washington, DC
Chambers, R, (1994), Poverty and livelihoods; whose reality counts? Overview paper for Stockholm round table 
on global change
Clift, R, (1995), Clean Technology : An introduction. Journal of Chemical Technology and Biotechnology, No 62
CoUingham, S, (1996), SafeDIS users guide. University of Surrey, UK
Davey, (1993), Elements o f  urban management. The World Bank, Washington, DC
Ginouard, M, (1985), Cities and People. Yale University Press, New York
Glover, D, (1995), Valuing the health impacts o f pollution. Environmental Economics Programme for SE Asia
Gran, P, (1996), Low cost wastewater treatment. Water, Science and Technology, Vol 33, No 8
Grover, B, (1983), Water supply and sanitation : project preparation handbook volume I: guidelines. World 
Batik Technical Paper No 12. World Bank, Washington, DC
39
Horan, N and Parr, J, (1994), Process selection for sustainable wastewater management in industrialising 
countries. Research monograph in tropical public health engineering. No 2, University of Leeds, UK
Jackson, T, (1996), Material concerns : Pollution, profit and quality o f  life. Routledge, London
Johnstone, D and Horan, N, (1996), Institutional developments, standards and river quality : a UK history and 
some lessons for industrialising countries. Water, Science and Technology, Vol 33, No 3
Khanna, P, (1996), Policy options for environmentally sound technology in India. Water, Science and 
Technology, Vol 33, No 3
Loetscher, T, Keller, J and Greenfield, P, (1996), Computer aided evaluation o f  sanitation projects in developing 
countries. Unpublished paper. Advanced Wastewater Management Centre, University of Queensland, Brisbane, 
Australia
Ludwig, (1992), Appropriate environmental standards in developing countries. Water, Science and Technology, 
Vol 25, No 9
Lue Hing, C, Matthews, P, Namer, J, Okuno, N and Spinosa, L, (\996), Sludge management in highly urbanised 
areas. Water, Science and Technology, Vol 34, No 3-4
Mara, D, (1995), Tropical wastewater management. Lecture notes. University of Leeds
Muller, (1989), The evaluation o f health impact o f on-site sanitation. MSc Dissertation, University of 
Witwatersrand, South Africa
O Neill, M, Horan, N, Mara, D and Cole, A, (1990), An expert system for design o f  treatment processes in hot 
climates. SERC Final Report, Department of Civil Engineering, University of Leeds
Palange, R and Zavala, A, (1987), Water pollution control : guidelines for project planning andfinancing, World 
Bank Technical Paper No 73. World Bank, Washington, DC
Postel, S, (1992), The last oasis : facing water scarcity. Worldwatch environmental alert series. Earthscan 
Publications, London
Price, R, Holz, P and Ahmad, K, (1997), Hydroinformatics concepts. Paper to be published
40
Rees, W, (1992), Ecological footprints and appropriate carrying capacity : what urban economics leaves out. 
Environment and urbanization, Vol 4, No 2
Reid, G and Coffey, K, (1976), Appropriate methods o f  treating water and wastewater in developing countries. 
USAID / Bureau of Water and Environmental Resources Researeh, University of Oklahoma
RondineUi, D, (1993), Development projects as policy instruments. An adaptive approach to development 
administration. Methuen, London
Ryneveld, M, (1994), The current extent o f coverage and the costs o f water supply and sanitation provision in the 
urban areas o f  South Africa. Water SA, Vol 20, No 2
Ryneveld, M, (1995), Costs and affordability o f water supply and sanitation provision in the urban areas o f  
South Africa. Water SA, Vol 21, No 1
Schubeler, P, (1996), Urban sanitation management in developing countries : three conceptual tools. Swiss 
Agency for Development and Co-operation, Berne, Switzerland
Singha, D, (1996), Can pay, will pay - securing a slum water supply for squatters. Waterlines, Vol 15, No 2
Tang, S, Wong, C and EUis, K, (1997), An optimisation modelfor the selection o f  wastewater and sludge 
treatment alternatives. Journal of the Chartered Institute of Water and Environmental Managers, No 11
Tietenberg, T, (1996), Environmental and natural resources economics. Harper Collins, New York
Todaro, M, (1994), Economic development. Longman, New York
Todd, D and Sen, P, (1997), The multiple criteria genetic algorithm. Paper presented at meeting of ACTCC : 
Advanced eomputational teehniques to support engineering decision making, Didcot, UK
United Nations Committee for Human Settlements, {\996),An Urbanizing World : Global report on human 
settlements. Oxford University Press, Oxford, UK
Wahnsley, J, (1995), Market forces and the management o f waterfor the environment. Water SA, Vol 21, No 1
Winpenny, J, (1991), Values for the environment : A guide to economic appraisal. Overseas Development 
Institute, HMSO, London
41
World Bank, (1992), World development report 1992: development and the environment. Oxford University 
Press
World Commision on Development and the Environment, (1987), Our common future. Oxford University Press
Yang, C T and Kao, J J, (1996), An expert system for selecting and sequencing wastewater treatment processes. 
Water, Science and Teehnology, Vol 34, No 3-4
42
CLEAN TECHNOLOGY AND CLEAN MEGACITIES
APPENDIX
I. ACTIVITIES TO DATE 
n. AMENDED GANNT CHART
I. ACTIVITIES TO DATE
This project began in October 1996, and at the bidding of my academic supervisor. Dr Khurshid Ahmad, the first 
significant activity was to cany out a mini-project of three months duration, taking a particular case study and 
investigating the associated pollution control problems.
My industrial supervisor, Nick Odd, offered me a choice of twelve different studies with which HR Wallingford have 
been involved. At the time it was thou^t practicable to look at a region within the UK so as to facilitate the gathering 
of information and to make the project manageable, given ifs limited duration. Canterbury and the River Stour were 
chosen. In retrospect this was little more than an exercise in the gathering of information from disparate sources and 
from organisations with conflicting views. Interviews were carried out with representatives of the local water supply 
company and the Environment Agency, and reports were gathered from various consultants. The fact that the chosen 
region was not a major urban one was a problem, but the project at least gave me an idea of how the contemporaiy UK 
water industiy is organised, and allowed me to see how the impact of rapid privatisation has been felt. This potentially 
has relevance to cities looking to make structural changes to their service utilities.
I went on to try and seminate the information I had gathered throughout the mini-project into one document, wholly 
applicable to the UK and incorporating regulation, private utility practises etc. I incorporated this into a hypertext 
document which was produced using a piece of hypertext authoring software retrieved from the world wide web, and 
I incorporated live hnks to relevant internet sites such as those detailing pieces of important legislation. Despite there 
being httle interest in this tool, ifs development at least highlighted to me the possibilities of live documents, and I am 
sure this will become useful in the future, perhaps to be incorporated into the since proposed decision support system.
Since eompleting modules and assignments in Life Ctycle Anatysis and Project Management back in January of this year, 
I have concentrated my efforts on conducting a comprehensive literature review upon which the preceding six month 
report is based. This has involved constructing a database using Microsoft Access to hold details (including abstracts) 
of all relevant publications. The broad scope of this particular project means the upkeep of this database will involve 
a substantial amount of work.
During the course of the literature review I have become aware of the possibilities of adapting a program produced at 
the University of Surrey, SafeDIS, to my own needs. The proposed developments are well documented in the preceding 
report, and I look forward to working on their implementation.
n. AMENDED GANNT CHART
A Gaunt chart detailing project progress and proposals was submitted together with my project plan back in January. 
An amended version is provided overleaf. Only a few changes have been made. Firstly, it was proposed that a paper 
would be published on the world wide web by April 1st. This is unlikely to happen for a while, and the date has been 
set back to June.
In addition, die deadlines for submission of my EngD Conference paper have been made available, and these have been 
added. A title is required on May 9th, the subject, abstract and biography on June 6th, and the finished paper is to be 
submitted on August 1st rather than July 1st. The conference itself is now set to the 16th and 17th of September.
I
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PREFACE
This document succeeds a report produced during the first six months of a project being carried out 
through collaboration between HR Wallingford of Oxfordshire and the Department of Computing at 
the University of Surrey on the Engineering Doctorate in Environmental Technology programme. 
Subsequent work has been described in a paper presented at the Engineering Doctorate in 
Environmental Technology Conference 1997, and these documents are referred to where necessary in 
the following pages.
Progress since the beginning of April is described and the alterations and new directions adopted as a 
result of further reading or correspondence are detailed. Resulting conclusions and proposals are 
presented, and the latter are timetabled in an amended Gannt chart illustrating progress to date and 
upcoming activities. Activities carried out over the last six months are presented chronologically, and 
details of modules studied and corresponding assignments completed as required by the EngD 
programme are included.
In the second section of this report, an assessment is made of the author’s progress towards a set of 
competencies required of those aiming for the degree of Doctor of Engineering in Environmental 
Technology. These are listed in section 4.4.1 of the Course Handbook for Research Engineers and 
Supervisors 1997/98.
Where documents are referenced, details of the author’s name together with year of publication and the 
page number, where relevant, are given in the format; Author (Year of Publication). Further details 
such as Title of Book or Journal, Journal Number and Publisher are given in the Bibliography.
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SECTION I
1 DECISION MAKING AND THE URBAN ENVIRONMENT: AN OVERVIEW
1.1 THE IMPORTANCE OF THE AQUATIC ENVIRONMENT TO URBAN AREAS
The rapid urbanisation being experienced in the majority of cities in the developing countries of the world, 
coupled with a lack of available resources for investment in measures to control pollution relating to 
domestic and industrial liquid wastes has meant that infrastructure provision has failed to keep up with the 
growth in requirements. This mixture of sudden expansion and economic and social inequity has caused 
and continues to cause massive environmental degradation, threatening ecosystems and the health of the 
inhabitants of these urban areas, and has been encapsulated in discussions about the megacities, defined as 
urban areas with populations of over ten million people. Examples include Manila, Bombay and Sao 
Paulo. The UNCHS (1996) estimates that there will be twenty three such cities by the early decades of the 
next century.
The term infrastructure is rather diffuse but includes such vital services as water supply and sewerage, 
transport and power networks and also legal and institutional systems. One of the key issues faced by 
megacities is the management of water resources, both before and after use, and the infr-astructure required 
for this management necessitates major capital outlay. Feasibility studies alone take many years and the 
capital cost commonly exceeds hundreds of millions of dollars at current prices. Key players in the 
discussion about this infrastructure are national governments, financial institutions and development banks, 
and powerful consultancies and engineering houses. This discussion rarely includes the very people for 
whom the services are designed, though they are the focus. The fact that these urban areas are 
manufacturing centres, producing products as diverse as automobiles and electrical goods for international 
markets, is often neglected. As water is so ftindamental to virtually every activity carried out within a city, 
including these activities, the problems of the aquatic environment should be studied systematically such 
that all stakeholders are represented.
1.2 THE APPLICATION OF CLEAN TECHNOLOGY AND THE ROLE OF DECISION 
MAKING
Clean technology is a term used by the UK’s Engineering and Physical Sciences Research Council 
(EPSRC) community in an attempt to understand the dynamics between consumption on the one hand and 
preservation on the other. The term is defined variously but with a consensus that clean technology deals 
with the use of less resources and with less environmental damage at comparable or reduced economic 
cost. Though seldom discussed in the context of clean technology, the management of wastewater is 
consumptive of energy and materials and relies for its continued operation upon the assimilative capacities 
of receiving water bodies, and as such is a clean technology issue. The management of wastewater from
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these large urban areas is thus a challenge not only to the key players above, but also to strategic 
progranunes like the clean technology initiative.
The infrastructure for the management of these wastes comprises numerous components, from sewerage 
networks through to pumping stations and sewage treatment works. Each component of these systems is at 
the same time crucial and a challenge for clean technology, but for this project the key challenge is the 
conception of the system. Much of the valuable work on the clean technology programme is component 
orientated, and despite the risk involved the aim of this project is to attempt to take a system wide view. 
The conceiving of these systems requires decision-making know-how that only comes with experience, and 
so decision-making is seen as the key to the implementation of clean technology. There are a number of 
factors which it is necessary to consider in the decision-making process, and one way to elaborate is to take 
a specific case, to study it, and then to generalise. The specific case, seen as an example particularly 
amenable to the ideas of clean technology is that of decentralised wastewater management. The 
knowledge essential for conceiving a clean technology solution for such a system is considered.
It has been speculated that the main reasons for which such clean technologies have not been 
implemented or even considered in the past are not generally technical difficulties, economic problems 
or a lack of scientific understanding, but are largely attributable to a failing to appreciate the available 
alternatives for the management of wastewater at the decision-making stage. Inappropriate choices are 
made before any design or construction takes place. It is proposed that the most effective way in 
which change can be brought about is through the influence of the key stakeholders outlined, and 
through improving the awareness of decision-makers at this level. As such it is proposed that a 
decision support system be produced. The latter is defined by Frenzel (1987) as a class of software 
used by managers to help make decisions.
1.3 THE ROLE OF HYDROINFORMATICS
A prototype methodology with potential to support the decision making process used in this field is 
presented in the paper. Decision Making for a Clean Urban Environment, having been extracted and 
amended from the recent literature. This has been further developed over the last few months, and is 
presented in the following report. It is proposed that advanced computing techniques will be utilised to 
deal with the management of the information required to support the decision making process. The flow of 
information within such dynamic systems is particularly complex, and occurs throughout their life cycles, 
from planning through operation to their eventual obsolescence. The management of this information is 
considered particularly pertinent, given the levels of uncertainty and incomplete information anticipated in 
the urban areas in question, and the use of hydroinformatics for this purpose is discussed. Abbott (1994) 
defines hydroinformatics as the application of advanced information technology to the problems of the 
aquatic environment. An introduction to the field, defining the range of applications of hydroinformatics, 
is provided by Price, Holz and Ahmad (1997).
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The beneficial use of computers is determined by the availability of the input data through the use of 
appropriate algorithms that can convert this data into reliable and usable information. If one takes a 
system wide approach to a problem as complex as the management of wastewater in the urban areas 
described, there is bound to be data which involves uncertainty and has errors of commission or 
emission. There are very few components of the system under consideration that can be 
mathematically modelled, and even the existence of a model implies the emission of factors that may 
be crucial. The use of a mathematical model involves a certain risk, which has to be scoped, and the 
existence of uncertain data will further increase risk. Both risk and uncertainty thus form a major part 
of this project.
1.4 THE IMPORTANCE OF THE SMALLER CITIES
Though the challenge presented by the megacities is indeed substantial, significant problems are also 
posed by the more numerous smaller cities. The United Nations (1995) estimate that of the majority of 
the world’s population who will live in urban areas by the early decades of the next century, more than 
half will live in cities of less than half a million people, and 40-45% will live in towns and cities of less 
than 100,000 people. Many of the megacities are either capital cities or are the focus of international 
trade and business, and as such receive numerous visitors from other regions and countries, including 
tourists and shoppers. Continued economic relationships may often depend to a certain extent upon the 
immediate urban environment, including the state of water bodies, the quality of drinking water and the 
health of the population. In short, these international cities need to keep up appearances. In contrast. 
Black (1996) points out that the names of the more numerous smaller cities tend to remain 
internationally obscure until they become notorious. The potential problem was demonstrated by the 
crisis in the Indian city of Surat in September 1994. An epidemic of pneumonic plague spread fi*om 
detritus and rotting carcasses of livestock washed up in the slums after heavy monsoon floods. The 
epidemic caused widespread national and international panic. Half of a million people fled the city and 
quarantines were imposed on aircraft landing from India in a number of countries. Few people would 
claim to have heard of the town prior to this event.
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AN INTRODUCTION TO SUSTAINABLE WASTEWATER MANAGEMENT
2.1 A SUMMARY OF “CLEAN TECHNOLOGY AND CLEAN MEGACITIES”
The preceding six month report, Clean Technology and Clean Megacities: The Management o f the 
Aquatic Environment was largely based on the findings of a preliminary literature review, and began 
with an appraisal of the existing conditions and trends in the urban areas of the developing countries of 
the world. Economic conditions, demographic and other social trends, and institutional capacities were 
considered, and their relevance to the management of aquatic pollution fi’om wastewater investigated.
The environmental impacts of wastewater were considered, looking first at the traditional approach to 
its management and at the shortcomings of the process and then at the potential for the application of 
clean technologies. As described, the reasons for which such technologies have yet to be widely 
applied were identified as being largely at the decision making stage, prior to either design or 
construction, whereby inappropriate choices were made at the outset. As such, a review of the decision 
support systems used in the past was carried out, and the most recent work in the field assessed. The 
problems of dealing with a wide variety of information of disparate origin was assessed, and the use of 
hydroinformatics to address this problem discussed.
2.2 A DECISION SUPPORT METHODOLOGY
A methodology proposed by Horan^ and Parr (1994) in the form of a checklist was adopted and 
presented in the main body of the report, and a proposal to incorporate this into a decision support 
system following considerable amendment was set out. This key methodological influence, a process 
orientated approach, was developed following a study carried out in the Maldives and other Indian 
Ocean islands. Horan and Parr take an integrative approach that considers a range of factors, upon 
which they have elaborated. This elaboration takes the form of a checklist, presented in the preceding 
report. Clean Technology and Clean Megacities. A further important consideration is the energy 
required of a system for the management of liquid wastes, which Horan and Parr discuss indirectly. 
Further classification has been made and is presented in Figure 1 overleaf.
 ^The author is a former student of Dr Nigel J Horan of the Department of Civil Engineering at the 
University of Leeds.
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International Trade Relations, balance of payments
Macro-Economics GNP, GDP, economic structure,
industrial composition, foreign exchange earnings
Micro-Economics Income/capita, ability to pay, cost of water per m^
Finance Sources, availability, use of private sector, development banks
Political Structure At all levels, how this might influence choices made
Existing Management of ISystem At national and city level, relationship between departments, responsibilities, level 
of staffing
Legislation and Policing System At national and city level, responsibilities
Decision-Making Procedures How investments are currently justified, documented processes
Existing Technology/Infrastructure Physical assets and management systems, proposed investments, design life used, 
potential to incorporate clean technologies
Education and Skill Levels Extent of training, ability to maintain technology
Waste Characteristics Sources, flow variations, compositions
Discharge Standards Sludge disposal requirements, degree of treatment necessary
Macro-Environment Climate, land use, geology, soil conditions
Assimilative Capacity Hydrology, dilution/assimilation capacities of receiving water bodies, ecology of 
region, groundwater characteristics
Water Resources Availability, reliability, quantity, quality, requirement to conserve resources, future 
prospects
Water Use By industry, domestic users, agriculture, natural processes, future trends
Micro-Environment Impact of plant on immediate environment, noise, smells, health, sensitive 
ecosystems
Demography Urbanisation, growth rates, household size, population distribution (age and 
location), rural-urban migration
Housing Density, water use, feasibility of various forms of sanitation
Social Preferences Public desires and preferences, cultural and religious aspects, aesthetic 
considerations, welfare and equity considerations, willingness and ability to pay for 
developments, attitudes to the use of land
Health Health characteristics, prevalent diseases, those related to water supply and 
sanitation, health services available
Existing Infrastructure Energy sources, consistency of supply, efficiency of production
Environmental Impacts Atmospheric pollution, thermal pollution of aquatic environment, localised impacts 
on community /  ecosystems
Source of Energy Imports of fuel /  electricity, private/public utility, energy costs, price fluctuation
Proposed/Potential Developments Impact on quality, costs, possibility of implementing clean technologies (gravity 
driven, wind powered)
Figure 1 Amended checklist for sustainable wastewater management (Miles et al (1997))
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Proposals to further develop the extracted methodology were made, and its incorporation into computer 
based techniques in particular using a piece of software developed at the University of Surrey, 
SafeDIS, was suggested. The concepts that underlie SafeDIS and its development are described in a 
paper by Price and Ahmad (1997). The achievements made over the last six months in pursuit of these 
proposals are described in Section 3, together with those other activities which have occupied a 
substantial proportion of this period.
2.3 THE ROLE OF THE PROJECT
As described, the application of methods in information technology to the development of systems for 
the management and control of the aquatic environment have been discussed by Abbott (1994). 
Hydroinformatics does not inherently address the question of sustainability, and our peers in clean 
technology and in the management of the aquatic environment appear to make limited use of 
hydroinformatics. The work of this project can be viewed in theory as bridging the gap. Thus the 
unique nature of the work is in the synthesis of these fields, applying hydroinformatics to the 
sustainable management of wastewater for the protection of the aquatic environment.
2.4 THE IMPORTANCE OF ENVIRONMENTAL VALUATION
The importance of environmental valuation in the decision making process was acknowledged within 
the preceding report, and its impact upon the potential methods of financing investments in the field of 
pollution prevention and control was described. The range of regulatory and economic instruments for 
the control of pollution, particularly that from industrial sources was considered. In particular, the 
applicability of the use of tradable permits to maintain an ambient water quality was considered, and 
the potential for hydroinformatics to increase the feasibility of this form of economic measure 
discussed. The consideration of industrial effluents forms an important part of the project and will be 
addressed in detail at a later date. Pollution from industrial sources is acknowledged as being equally 
as important as that from the domestic waste stream, and its regulation as possibly a greater challenge.
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3 PROGRESS MADE
3.1 TOWARDS A HYDROINFORMATIC SYSTEM FOR SUSTAINABLE
WASTEWATER MANAGEMENT
As was suggested in the preceding report, amendments have been made to the checklist presented by 
Horan and Parr (1994) in their paper Process Selection for Sustainable Wastewater Treatment in 
Industrialising Countries. In order to develop this methodology further and to incorporate some 
hydroinformatics applications a document retrieval system has been developed using a hypertext 
editing tool, Netscape Editor, such that the system can access information related to the amended list of 
key factors.
In a hypertext system the browsing is intuitive and guided by links between pages, so for instance, 
when the hydroinformatic system starts up, it describes the purpose and mode of operation of the tool 
and displays six categories, as shown in Figures 2 and 3. Text and icons have been used to highlight 
various elements. As with all browser technology, advantageous due to its degree of familiarity to the 
user, the contents are navigated using the slide bar on the right of the screen to which the cursor is 
pointing on the screen shot below.
N its c a p t  E d ito f  -  (E cpaom le Factors ; fHo:///D\,LEOti...ttst/}tr<iox./ttmt)
cue E # ' Sflew insert-''Properties Sfrtlwis SJ^idow
.lOlQlHl Bl- j j |B |6 l  BiWl @1 
3 ; e | ! e |  *E\*ë\ E | l | l j
INTEGRATED POLLUTION PREVENTION AND CONTROL INCORPORATING CLEAN
TECHNOLOGIES
HYPERrCHECKLIST OF NECESSARY CONSIDERATIONS FOR PLANNING O F -C 
INVESTMENTS IN URBAN AREAS
In the implementation of investments for the prevention and control of pollution of the aquatic environment in urban a reas , 
problems have often occurred In the past due to inadequate planning procedures.
The majority of decision-makers Involved in urban government are economists, and since economics has In m any circles 
come to be synonymous with finance, decisions have often been made on financial grounds alone.
There are  so many other factors which It Is necessary  to consider In the planning of system s for the m anagem ent of 
w astew ater. T hese  have been grouped Into the six categories below, and In the hyper-checklist which follows the kinds of 
things which need  to be considered within these  categories are outlined.
Figure 2 Opening page of hypertext system
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In this case, the user is interested to see which economic factors might need to be considered. By 
clicking on the icon to which the cursor is directed in Figure 3 below, the user is immediately taken to 
the following shot. Figure 4. Here the economic factors which need to be considered are further 
categorised and the types of data which it is thought necessary to gather in order to represent this 
information are set out.
• ffc o a a m tc  FactotsJ
y
•Ygri'gi’p 'yuu'iger "an"«giir "re"pgi'ntTirgfTy 'peTft»giu m nie xasg yvu aia iuuM'tg"ar;"a'mm"iypoviueu ''tt< HC'ca it'S niuity'Xjgtaniyu— ^  
Information on the subject. In addition, this Is where you will find details of the type of Information It Is n e c e s s ity  td  collecTIn ~ ; 
order to make decisions, and on related subjects which have been Identified a s  being important by experienced ëngineers.
ENVIRONMENTAL FACTORS
W here opportunity exists for the Implementation of clean technologies, or where there Is likely to be a significant 
environmental Impact whefe a  particular decision Is made, the system Is desig r||d  to highlight the fact. Rathéf than Ignore 
any advice that is given, you are encouraged to log your reasoning behind any^declslon that is made at thlsfàîld any other 
time. In this way knowledge will be disseminated to tlilure users of this re so u rce .-*
^ECONOMIC FACTORS
jJ
Figure 3 Selection of ECONOMIC FACTORS link
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Figure 4 Catégorisation of economic factors
The data, whether it relates to Gross National Product or the cost of water to the consumer, is generally 
subject to uncertainty and any computation made has risks. Browsing through the hypertext pages 
shown in figures 5 and 6 overleaf gives an indication of the relevance of these data, including whether 
this information is required at a national, municipal or local level, whether it is quantitative or 
qualitative, and provide an estimate of some degree of the uncertainty attached. An equivalent 
arrangement exists for each of the five other factors set out on the opening page.
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Figure 5 Economic factors: Necessary information
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3.2 EASING THE BURDEN OF INTERPRETATION
The format adopted for this hydroinformatic system influences the way in which the creation of a 
knowledge base has been attempted, in collecting relevant documents from individuals and from large 
organisations. Paper knowledge bases outline problems, present solutions and are essentially for 
teaching, training and information dissemination. As the purpose of the paper knowledge base is not to 
show how this knowledge is applied, the burden of interpretation lies with the decision-maker. Given 
that there is an explosion of such knowledge in any enterprise, and equally so in the field of sustainable 
wastewater management, this burden can be lessened in a number of ways. First, it is useful to know 
about the existence of a document, and as many are available in electronic form a computer program 
can be written to do this. Second, an information extraction system will lessen the burden of 
information further by suggesting key documents, and third, the extraction of relevant information will 
extend this. A system which can evaluate the information and be able to draw in some way the 
consequences of the use of that information; a so-called expert system, will reduce the burden further.
3.3 THE ROLE OF KNOWLEDGE ELICITATION
The system currently presents a checklist on screen, and the nature of hyper-text mark-up language 
(HTML) and its associated authoring tools means it can be readily expanded, in particular to external 
sites on the World Wide Web. Thus, rather than simply advise a decision maker to look at the 
efficiency of a given treatment process, for example, a link could be rapidly provided to this 
information, provided it was on the web. Similarly, there is potential to provide links to relationships 
between the range of factors internally. The number of these relationships, such as that between 
domestic water use per capita and the prevalence of waterwashed diseases such as ascariasis, is 
intended to be further expanded beyond those which have been identified by the author.
This knowledge will be captured through interviewing those with considerable experience in the field. 
Expertise is held in the area of knowledge elicitation within the Artificial Intelligence group at the 
University of Surrey. Dr Khurshid Ahmad, supervisor to this project, has contributed to the 
development of several knowledge based expert systems including an urban drainage modelling 
intelligent assistant (UDMEA) described by Griffin et al (1993) and an expert system for offshore 
inspection and maintenance described by Ahmad et al (1987). As such, advice upon the most effective 
way to extract this kind of information will be available. Recall that the management of the 
information required to support the decision making process is considered particularly important. The 
use of this form of information technology will facilitate this management, providing as it does such 
fast and easy access to a wide variety of information.
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CLEAN TECHNOLOGY AND DECENTRALISED WASTEWATER MANAGEMENT
4.1 ORGANISATIONS INTERESTED IN THE FIELD OF DECENTRALISED 
WASTEWATER MANAGEMENT
A literature review indicates that the re-use and recycling of resources derived from wastewater, and 
the reduction of the overall consumption of energy and resources can be facilitated by the use of 
smaller scale, technologically simpler, decentralised systems for the management of wastewater. The 
proponents of clean technology will see a resonance with their ideas, where use and conservation are 
intrinsically linked.
A number of groups with an interest in the field have been identified, though they are applying the 
approach to industrialised countries with established centralised systems for the collection and 
treatment of wastewater. The WASTE group based in the Netherlands might be described as the 
European pioneers, and they advocate wastewater treatment approaches that include a recycling loop 
for greywater, nutrients, energy and other resources in the wastewater, where greywater is defined as 
that which does not contain human body waste. These practices are termed ecological engineering for 
wastewater treatment, and a range of applications are described by Staudenmann et al (1996). The 
United States Environmental Protection Agency (USEPA) also has an interest, and provides technical 
expertise and assistance to communities via its National Small Flows Clearinghouse (1997). 
Community led initiatives are also springing up in the USA, perhaps as a consequence, and these 
groups are represented by the Consortium of Institutes for Decentralized Wastewater Management 
(1997). The work proposed will be novel in the way it measures the ability of such systems to be 
applicable to the urban areas of developing countries, with their particular attributes.
4.2 THE LIMITS OF THE PREVAILING APPROACH TO WASTEWATER 
MANAGEMENT
Rather than being the ideal, the prevailing system for wastewater management used in Europe and 
North America and implemented elsewhere in imitation is simply a product of recent history. When 
these systems were implemented during the so-called sanitary revolution of the 19^ Century, the initial 
focus was on piping wastewater away from the population to reduce the risk of disease. Only after 
time, when the gross impact upon receiving water bodies was realised did any form of treatment 
become incorporated into the process. As a result, first pipe it away and dump it became the accepted 
paradigm for wastewater management, then pipe it away, treat it and dump it. In the view of the World 
Bank (1996) this practice originated at a time when little was understood about the fundamental 
physics and chemistry of the subject, and when practically no applicable microbiology had been 
discovered. Therefore these prevailing practices are not especially clever, logical or completely
12
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effective. This criticism applies not only to engineering aspects of wastewater management, but also to 
fiscal, societal and environmental aspects. The importance of public health protection is still 
paramount, but should be pursued in parallel with these other aims.
4.3 HOW DECENTRALISATION MIGHT BE EMPLOYED
The degree of aggregation of wastewater flows from individual sources will depend upon various 
factors, which will also determine the distance from the source of generation at which it is practical to 
address treatment and disposal, but the proposed decentralised systems are potentially able to fill in the 
gap between on-site sanitation and conventional centralised systems for collection and treatment. 
Factors that will influence the degree of centralisation employed might include topography, soil 
conditions, development density, opportunity for re-use of waste or partially treated water, level of 
income of users, land use and susceptibility of environment to pollution. To make the operation and 
maintenance liabilities imposed by these systems manageable, there needs to be judicious choice of 
technologies appropriate to the volume of flow, the nature of the development and so on. Such factors 
and others are outlined in the checklist style methodology presented on the preceding pages.
Decentralised management is not the answer to all problems. Just as the one size fits all mentality of 
the past was inappropriate, so too is the application of decentralised management in every case. The 
key issue, however, is that it needs to be brought to the fore in the planning process together with other 
clean technologies, and considered alongside the more conventional approaches.
4.4 APPROPRIATE TECHNOLOGY AND CLEAN TECHNOLOGY ?
To comply with the definition of clean technology used earlier, a clean technology is one which 
provides human benefits at less environmental cost and at comparable or reduced economic cost. 
Given the economic circumstances of the urban areas which are the focus of our work, there is 
considerable emphasis on trying to reduce the economic cost of technologies for sanitation and 
pollution control, such that they are affordable; to promote appropriate technology. Despite the 
emphasis being on reducing economic cost rather than environmental impact however, this does not 
conflict with the ideals of clean technology. To give an example, more expensive treatment systems 
with better performance might discharge an effluent of better quality, but are commonly not used at all 
in practice, either due to their prohibitive cost or the difficulties experienced in their operation and 
maintenance. Thus the cheaper, perhaps less effective but more appropriate systems bring about 
improved environmental performance when compared with no treatment whatsoever.
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4.5 FURTHER BENEFITS OF THE CLEAN TECHNOLOGY APPROACH
• To outline one environmental benefit of such technologies, in a small scale system flows at any 
one point remain relatively low, therefore any mishap will incur less environmental damage than 
one in a centralised system where flows are concentrated through a single collector sewer, lift 
station or treatment plant.
• Where applied to areas in which on-site sanitation in the form of septic tanks or pit latrines already 
exists, the wastewater is ‘settled’, or free of solids, and as such shallower pipe depths and smaller 
bores can be employed without fear of blockage (See Miles and Mara (1995)). These measures 
have an economic benefit, as they mean the capital costs are reduced.
• Much of the cost of conventional systems is tied up in transporting the waste, on water for flushing 
and on pumping and lift stations. With a more localised system being employed, much of this cost 
can be avoided and resources concentrated instead on appropriate treatment and re-use 
opportunities.
• Another cost avoided is that incurred by the mixing of wastes, such that increasingly complicated 
treatment processes are required. On the smaller scale proposed, waste streams will vary much 
less in their composition.
• The re-use of effluent introduces cost savings to the public by reducing the demand for potable 
water, and has the potential to be used throughout a service area for non-potable demands.
4.6 PLANNING AND FINANCING OF DECENTRALISED SYSTEMS
Perhaps most importantly given the emphasis on decision making within this project, decentralised 
systems are easier to plan and finance. Venhuizen (1996) proposes that the needs of each area and their 
capabilities in terms of technological and institutional capacity and financial capability can be 
considered individually, and each part can be implemented independently so the cost can be privately 
financed or assigned directly to the users. Capacity expansion is able to track demand much more 
closely thus minimising investments to construct facilities which will not be utilised for years to come. 
The systems can be designed and installed in a manner which is growth neutral, where as centralised 
systems often require growth for them to become financially viable.
4.7 THE LIMITS OF THE CLEAN TECHNOLOGY APPROACH
Despite the advantages outlined there are a number of reasons why the decentralised approach and 
other clean technologies have failed to be accepted. This is a subject that will be investigated further, 
but some brief ideas are outlined below. Primarily, their acceptance again falters on a lack of 
consideration in the decision making process, though there are several reasons for this.
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The major obstacle to the use of less centralised systems is the fact that aggregate land use is increased. 
This is of particular concern when we consider the high building densities prevalent in the cities in 
question. The availability of land is obviously an important factor to take into account within the 
decision making process. As stated in the paper produced by Miles et al (1997), the vast majority of 
areas with which the project is concerned are already heavily populated and densely built. Rather than 
implementing green field planning, it is necessary to consider how to integrate effectively with the 
existing situation.
There are undoubtedly likely to be problems of social acceptance, due to a perceived loss of 
convenience and potential threat to health. There is in many cultures a large psychological barrier 
against the re-use of wastewater, which needs to be surmounted. The situation in Saudi Arabia, where 
wastewater re-use has the potential to alleviate the stress on restricted water resources, is described by 
Husain and Ahmed (1997).
Because many clean technologies contrast with prevailing practices, there is also resistance to them 
from the engineering and scientific communities. The engineering community is inherently rather 
conservative and one significant reason for the popularity of large centralised systems for the 
management of wastewater is that funding tends to favour large single projects. It is easier to 
administrate and fund a single £50M project than it is one thousand £50,000 projects. There is perhaps 
justified mistrust of simple technologies, but as explained in the preceding section better an appropriate 
technology which can be maintained than a top of the range treatment process which breaks down 
within two years because it is unaffordable and spare parts are not available.
Due to economies of scale the aggregate cost of a system to cover a given region or population may be 
increased. This obviously needs to be weighed against the advantages outlined. The important thing is 
that such alternatives are at least considered within the decision-making processes used, and that these 
comparisons can be made. There are undoubtedly circumstances where either a large centralised 
collection and treatment system or a small scale decentralised system incorporating re-use and 
recycling will be more suitable than the other, though it is most likely that some combination of the two 
will be most effective.
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4.8 THE ROLE OF HYDROINFORMATICS FOR DECISION SUPPORT
A decision support system able to advise upon the appropriate form of collection and treatment in a 
given area, treating each area individually and looking at the effects of applying differing degrees of 
centralisation such that an optimal level might be derived would be particularly valuable. As stated in 
the paper. Decision making for a clean urban environment, it is thought important that investment can 
take place on an incremental basis, and as such an information system able to prioritise measures such 
that systems complement each other is envisaged.
HR Wallingford’s capabilities in environmental modelling will be used to beneficial effect. Using the 
checklist described earlier to ensure a decision-maker is able to take into account all of the necessary 
factors for selection of appropriate and sustainable treatment, modelling techniques could then be used 
to look in greater detail at particularly important aspects, while situated within this holistic framework. 
As such, software capabilities have been investigated, and this is described in the following section.
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5 SOFTWARE INVESTIGATED IN PURSUIT OF A MODULAR APPROACH
5.1 THE ADVANTAGES OF A MODULAR APPROACH
A number of software systems with potential to support the decision making process have been 
investigated, including geographical information systems (GIS), knowledge based expert systems and 
existing decision support systems. In order to gauge the opinions of a variety of people as to the 
proposed direction of the project, discussion was carried out with a variety of people within HR 
Wallingford and in the water and sewerage utilities of the UK. The proposed direction of the work was 
described and the opinions of those who might be aware of customer needs ascertained. Popular 
opinion appears to favour a modular structure, able to connect a variety of software and in particular 
modelling packages. The manner in which this will be achieved is fundamental to the project. Batty 
and Densham (1996) are looking at the linkage of various models with geographical information 
systems. Strategies for linkage are defined as either of weak or strong ‘coupling’. Models linked to 
GIS through the import and export of data are described as weak coupling, while stronger coupling is 
said to exist where models are embedded within GIS or GIS functions within models. Infoworks, a 
product recently developed by Wallingford software, was investigated with this in mind. The tool is 
intended to aid in the management of numerical models, effectively through coupling them with other 
models and other pieces of software, and as such will most likely become useful in the future.
In the view of Enache (1994) the missing link between sophisticated spatial data systems and refined 
choice models, pattern-seeking systems and integrated decision support tools seems to be a planning 
methodology based on planning theory. In view of this, and as described in the opening chapter, this 
project is concerned not with individual components for the management of wastewater but with a 
system wide view of the planning process and the methodology used. As such the idea of applying 
systems analysis to the decision making process has arisen. The use of STELLA H, an object- 
orientated systems modelling language which utilises visual representation of models was investigated. 
Its potential for acting as a point of linkage between various models on different scales and for 
constructing models with a view to representing the decision making process described was assessed.
5.2 THE APPLICABILITY OF A SYSTEMS APPROACH
Systems are defined as sets of inter-related objects and their inter-relationships, and systems thinking is 
a term used by High Performance Systems (1994) to mean the ability to generate understanding 
through engaging in the mental model based processes of construction, comparison and resolution of 
these systems. A very similar definition of object orientated modelling is provided by Rumbaugh et al 
(1991) as a way of thinking about problems using models organised around real world concepts. 
Unlike a functional approach, which has been prevalent in modelling the aquatic environment but is
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fragile since it requires restructuring should the function (or requirement) of the system change, the 
object orientated approach is more robust since object orientated models are based on the underlying 
framework of the application domain itself, rather than the functional requirements of a single problem. 
For this reason in particular, the object orientated approach described is better suited to a generic 
decision support system, whereby in accordance with the decision making methodology outlined, the 
requirements (and thus the function) of the range of stakeholders involved in the decision making 
process will continually change. This is illustrated in an example given by Simonovic et al (1997) of 
the application of this approach to the management of the Aswan Dam on the River Nile. In their view, 
the power of the approach is the ease of generating what-if scenarios. By separating policy questions 
from data, object orientated modelling is said to make the model results functionally transparent and 
acceptable to a wide range of parties in the planning of measures for the management of wastewater.
5.3 THE PRELIMINARY APPLICATION OF RISK ANALYSIS
5.3.1 THE USE OF PROBABILITY BASED FORECASTING
Since the use of a modular approach is being advocated, linking numerical models and other 
information systems together to take a system-wide view, the management of uncertainty remains a 
priority. As stated in the first section of the report, the very existence of a model implies the emission 
of factors which may be crucial. To make informed decisions, an awareness at least of the degree of 
uncertainty needs to be maintained, and as a preliminary step the use of probability based forecasting 
was applied to a simple model of domestic water use.
A spreadsheet-based model was developed to investigate the effect of the proposed clean technology 
measures for reduction and re-use of water demand and wastewater respectively on processes for the 
collection and treatment of wastewater. This offered the opportunity to use a piece of software called 
Crystal Ball, which applies Monte Carlo simulation techniques for risk analysis to Microsoft Excel 
based tools. A report sub-titled. An example of the application o f multiple statistical distributions to 
flow and income forecasting was produced, and the main points are summarised below.
Because of the variable behaviour of domestic water users, probability based forecasting was employed 
as a means to attain a realistic estimate of the likely effects of these measures to reduce demand. For 
the purpose of this test example, the distributions of the input parameters such as levels of water use 
and amounts of leakage were estimated following consultation with Thames Water literature, and as 
such the example was situated in the UK. However, a more precise forecast specific to a given region 
could be obtained by conducting a survey of a sample of the population to gauge their expected 
response.
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The model is essentially quite simple, relating water use, leakage, irrigation and collected rainfall. 
According to the measure that is applied to reduce water use, from the selection outlined below, 
resultant flows through a downstream sewage treatment works and their mean biological oxygen 
demand (BOD) concentrations are estimated.
Use of greywater for flushing of sewerage system 
Use of greywater for garden watering 
Use of collected rainwater for garden watering 
Reduced numbers of baths or showers 
Reduced on-site leakage
Some simplistic costing was employed, again based on Thames Water pricing, to estimate the saving to 
the consumer and hence the revenue collected by the water and sewerage utilities following measures 
to reduce water use. Using industry standard figures for Ki and K% of 1.2 and 1.5, the maximum flows 
expected throughout one day and one hour respectively were also calculated. Although the figures 
given are attributable to a single household only, the results can be scaled up with reasonable 
confidence given that they are based on the results of ten thousand trials.
5.3.2 RESULTS OF THE SIMULATION
Since two of the measures outlined involve the re-use of greywater and the remainder have the effect of 
reducing the volume of wastewater entering the sewerage system, the net effect is to reduce the 
wastewater flows entering the downstream treatment works. In addition, since the overall mass of 
organic matter and other solids commonly measured as biological oxygen demand (BOD) is unlikely to 
change, the mean BOD concentration will subsequently rise. Equivalent changes will occur to the 
suspended solid (SS) concentration. The purpose of this study was to assess the likely extent of these 
changes, and in turn their impact on the collection and treatment processes. In short, how low can 
flows fall in a sewer before it is unable to function effectively, and how much more difficult and 
expensive is it to treat more concentrated wastewater?
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The following graph shows how the flow through a sewage treatment works generated annually by a 
community is likely to vary, prior to any intervention designed to reduce water use. The mean in this 
case is 153m ,^ with a standard deviation of 13m .^
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Figure 7 Flow through sewage treatment works prior to intervention
The ten thousand trials carried out may be considered equivalent to predicting the behaviour of ten 
thousand individual households in a community of thirty thousand people. Accordingly, the mean 
annual flow through the treatment works serving such a community, prior to measures to reduce water 
demand, could be expected to be around 1,530,000 m ,^ and in two thirds of cases could be expected to 
fall between 1,400,000 and 1,660,000 m .^
With the introduction of the measures outlined, the flows are likely to fall. The effect of reducing the 
number of baths or showers taken, for example, is shown to reduce the flow to an average of 69% of 
the previous flow, with two-thirds of all likelihoods being that it will be less than 75% of the original 
figure.
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Figure 8 Flow through STW as a result of reduced baths/showers
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The BOD concentration of the wastewater prior to any of these measures being introduced is estimated 
to take on the distribution below, with a mean of 390 mg/1 and a standard deviation of 37 mg/1.
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Figure 9 Average BOD concentrations prior to intervention
The effect of reducing the volumes of water being used is to increase these concentrations. As can be 
seen, greywater flushing serves to increase the mean concentration to 111% of its initial value.
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Figure 10 BOD concentration with introduction of greywater flushing
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The impact of the reduced level of usage in terms of the revenue collected by the utility is significant, 
given these increased strengths. The revenue collected from a three-person household, based on 
Thames Water pricing as described is on average £218 annually. This falls to a mean of £200 with the 
introduction of greywater systems, and to a figure as low as £157 with reduction of the number of 
showers taken from the average of fifteen per person per week to one per person per day.
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Figure 11 Reduced revenue with introduction of greywater flushing
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5.3.3 CONCLUSIONS DRAWN AND THE VALUE OF THE EXERCISE
The analysis that has been carried out points to the fact that the introduction of incentives to reduce 
domestic water consumption, which is widely considered to be necessary, has important implications 
for the water industry and the consumer.
The demand reduction measures considered in this study will tend to have similar effects.
• Less clean, treated water is likely to be used by the typical household, and as such less will be 
returned for treatment and re-use.
• Flows through the wastewater collection system and treatment works will be reduced, and 
concentrations of BOD and suspended solids will consequently tend to be increased
• Return flows to rivers will be reduced, with potential implications for the ecology of these rivers
• Revenue collected by the water utilities will be reduced
• The water utilities’ costs may increase, on account of revised wastewater flows and flow 
compositions
The disadvantage of the spreadsheet-based model described is the fact that the relationships between 
various parameters and the flows within the system are not readily apparent to the user of the model. 
For this reason, it is hoped to develop the spreadsheet model further using a software tool which allows 
the visual representation and manipulation of models on screen, and STELLA II, the language 
described previously will fulfil this task. This will allow the user to see how various factors influence 
each other and how the flows within the system occur, and could be used to carry out various forms of 
sensitivity analysis. Once domestic water use has been modelled in this way, it is hoped to return to the 
decision-making methodology used to plan and prioritise investments in the management of 
wastewater and the prevention and control of aquatic pollution. This methodology could feasibly be 
represented on screen using a similar approach.
Though the Crystal Ball tool which was used in the analysis described is compatible with Microsoft 
Excel, its utility suffers from the fact that it can not be run alongside other applications, but needs to 
complete a run, of typically as many as one thousand trials, before its output can be used beneficially. 
For this reason it may be advantageous to take its most useful features and to embed them in the 
decision support system proposed, such that simulations of this type can be run in parallel with models 
or other systems. The exercise was useful in that it illustrated the potential of the Monte Carlo 
approach, but given the significance of the need to deal with risk and uncertainty within the project, it 
is intended to consider a range of alternatives for this purpose.
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6 THE ENGD IN ENVIRONMENTAL TECHNOLOGY AND MODULES STUDIED
Given that it was hoped to further investigate environmental valuation in the last report, opportunity 
arose almost immediately with a module in Environmental Sociology. An assignment was carried out 
to design a proposal for social research, and a methodology to try and extract primarily an ability and a 
willingness to pay for sanitation and pollution control on the part of inhabitants of cities and those 
making decisions on their behalf was proposed, derived in part from their valuation of the environment. 
In addition, it was proposed that such information as levels of water use, existing sanitation facilities 
and other related factors could be derived using the same methodology, since it involved local 
interviewers carrying out work within a community.
In researching this piece of work, an interview was carried out with a sociologist from the government 
funded Water Research Centre in Pretoria, South Africa. The latter is described in an article by 
Odendaal (1997). Besides revealing some applicable methodology, it became apparent that a national 
database of water use and quality statistics is being compiled in South Africa using survey techniques 
such as those in a study carried out by Westaway (1997). It appears that this database may require 
some kind of decision support system to organise the information within it, and to provide easier access 
to the information held. It has been agreed that further collaboration may be possible.
Further modules were carried out on risk perception, environmental measurement systems and 
environmental auditing. These are described and their dates given in the appendix of this report. The 
module on risk perception was very interesting but the assignment handed out was difficult to relate to 
the project and was very time consuming, requiring extensive reading. It thus detracted from the 
research project, taking around a month in total to complete.
The module on environmental measurement systems was altogether more constructive. Having been 
given a brief to apply what had been learnt to the research project, the measurement of pathogenic 
contamination of water bodies and biosolids to gauge the re-use potential of wastewater, partially 
treated effluent and biosolids was investigated. It is likely that this work will become a more important 
part of the project in the future, and as such the module and in particular the assignment was valuable.
The module on hands-on audit carried out in July involved the audit of an administrative office 
building in Slough, Berkshire and as such was not particularly applicable to the author’s work. 
Essentially, the work was concerned with an assessment of the suitability of environmental 
management systems and of the site’s abilities to meet their requirements.
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7 SUMMARY: DECISION MAKING FOR THE PREVENTION AND CONTROL OF
AQUATIC POLLUTION IN THE URBAN ENVIRONMENT
7.1 PROGRESS OVER THE LAST SIX MONTHS
The management of the aquatic environment is essential to the sustainable development of the urban 
areas of the so-called developing countries of the world, since water use plays a crucial role in virtually 
all of the activities which are carried out within these cities. The ideas of clean technology are readily 
applicable, since the systems used for the management of wastewater produced by these activities are 
consumptive of energy and materials and rely for their continued operation upon the assimilative 
capacities of receiving water bodies.
Though each of the components of the systems used are crucial and present a challenge to those 
concerned with the implementation of clean technologies, the approach taken in this project is to take a 
system-wide view and to look at the decision making procedures which determine how these systems 
are conceived and subsequently implemented and operated. The greatest potential for improving the 
current situation is seen to lie at the decision-making stage and as such it is proposed that a decision 
support system be produced.
Hydroinformatics will be used to deal with the management of the information required to support this 
decision-making process. The levels of uncertainty and incomplete information anticipated in the 
urban areas in question, particularly when taking the system-wide view suggested, dictate that 
techniques for dealing with these kinds of difficulties form a significant part of the work.
The work carried out in the first six months of the project following a preliminary literature review 
resulted in the creation of what might be described as a knowledge base, and a prototype document 
retrieval system has since been developed using a hypertext authoring tool, taking as a key influence 
the work of Horan and Parr. It is intended that this document retrieval system, through the addition of 
knowledge elicited from specialists with experience in the planning of developments in wastewater 
management, pollution control and related fields will reduce the burden of interpretation inherently 
associated with the use of a paper knowledge base.
The re-use and recycling of resources derived from wastewater and in turn the reduction of resources 
consumed is in many ways facilitated by the use of smaller-scale, appropriate technology, decentralised 
systems for the management of wastewater, and as such this provides one example of how clean 
technology can be applied. Such technologies have generally failed to be considered in the decision 
making process with which this project is concerned, and the potential environmental, economic and 
social benefits mean that such an approach ought to be considered alongside the other more 
conventional ones.
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A modular approach to the development of a decision support system is favoured, able to link various 
models and information systems to provide a holistic approach to the decision making process, as 
advocated by the prototype hydroinformatic system developed. The ability of a number of software 
systems to do this has been investigated, and this work is set to continue. As a first step in 
investigating how to deal with uncertainty, a probability based approach using the Monte Carlo 
technique has been applied to a spreadsheet based model, looking at the impact of measures to reduce 
water consumption and at how they might affect the operation of systems for the collection and 
treatment of wastewater.
The main shortcoming of the approach adopted was seen as the fact that the relationships between the 
various parameters of the model and the flows within the system are not readily apparent to the user of 
the model, the decision-maker. As such, an object-orientated approach, utilising a language whereby 
components of the system being modelled can be manipulated on screen was adopted. This language, 
STELLA II, appears to have considerable potential for making model results transparent and 
acceptable to the wide range of stakeholders involved in the decision making process.
Besides the progress with the research project described, considerable time was taken up with the 
modules studied as part of the EngD in Environmental Technology course. These served to further 
broaden the knowledge of the author in this area, and the Environmental Sociology and Environmental 
Measurement Systems modules in particular allowed the initial investigation of areas of the project 
which will almost certainly become more important in the future, and as such were valuable.
7.2 PROPOSALS FOR THE NEXT SIX MONTHS
Besides further developing the hyper-checklist as described, the majority of the work which is to be 
carried out over the next few months will be of an investigative nature, looking in particular at the 
potential for HR Wallingford’s expertise in modelling to be utilised in the decision-making process as 
it is currently envisaged. Of particular concern is the compatibility of various software tools and 
modelling environments. As described, it is envisaged that the system to be developed will comprise 
several modular elements, and their linkage is obviously an important consideration.
Also of concern is need to integrate numerical modelling with some form of risk analysis. The latter is 
quite likely to involve some iterative calculation, and so will be inherently incompatible with models 
which commonly have running times of several hours. A method by which simplifications of the 
models can occur such that they are manageable, and with an acceptable loss of accuracy, is sought. 
The need to look at techniques to achieve this and at alternatives for dealing with uncertainty and with 
missing information are paramount.
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TIMETABLE OF ACTIVITIES INCLUDING ASSIGNMENTS
• 7-11*** April 1997 Module: Environmental Sociology. Assignment to design proposal for research 
into valuation and willingness to pay for sanitation and pollution control on the part of a city’s 
inhabitants. Much research was carried out and a good contact established with the Water 
Research Centre in Pretoria, South Africa.
• 23rd April-21®* May Attended thesis writing course at the English Language Institute, University 
of Surrey on a weekly basis.
• Investigated the use of STELLA, a diagrammatic systems modelling software tool, following the 
recommendation of an interested party, economist Dr Dave Coady at Queen Mary and Westfield 
College of the University of London.
• Looked into the use of information systems by water and utility companies. I wrote to various 
water companies with this in mind and spoke to a variety of people within HR to try and gauge 
their opinions on my proposed direction.
• 19-23*^  ^May 1997 Module: Risk Perception. Assignment difficult to relate to project and very 
time consuming, required extensive reading and took four weeks in total.
• Amendments were made to a checklist presented by Horan and Parr (1994) in their paper “Process
Selection for Sustainable Wastewater Treatment in Industrialising Countries”. The information 
required to make decisions was identified and the type of data necessary proposed with the 
intention of computerising the checklist. This has since been developed into a hypertext based 
tool. Despite early enthusiasm, it has been decided not to continue with the use of SafeDIS as a 
basis for the proposed system. The main problem is the fact that hardware systems at the 
University of Surrey are not compatible with those at HR Wallingford. For the majority of
applications this is not a major concern but this particular piece of software appears to have 
insurmountable problems.
• Investigated the ideas behind decentralised wastewater management and looked at how it might be 
applicable to the urban areas of developing countries.
• 23-27* June 1997 Module: Environmental Measurement Systems. Investigated measurement of 
pathogenic contamination of water bodies and biosolids to gauge the re-use potential of 
wastewater, partially treated effluent and biosolids.
• 21-25* July 1997 Module: Hands On Audit. Of little use to project.
• Developed spreadsheet based model for HR Wallingford, to assess the effect of demand
management on sewerage operation and on treatment processes. This was largely an exercise (for 
my purposes) in applying Monte Carlo simulation techniques for risk analysis to Excel based tools.
• Outlined plans to develop relationships between the various factors on the checklist presented in 
conference paper, “Decision Making for a Clean Urban Environment”.
• Presented above paper at the EngD conference at the University of Surrey.
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SECTION II
1 ASSESSMENT OF PROGRESS TOWARDS ENGD COMPETENCIES
In order to be eligible for the award of the degree of Doctor of Engineering, it is required that research 
engineers demonstrate competence in several areas, in accordance with the guidelines set out in Section
4.4.1 of the EngD in Environmental Technology course handbook 1997/98. An assessment of progress 
over the last twelve months towards achieving these competencies is given below.
There is a need to demonstrate evidence of innovation and a contribution to knowledge via 
research into either: (i) novel understanding of the environmental consequences of systems for 
providing or using goods or services; or (ii) novel methods of improving the environmental 
performance of systems for providing or using goods or services thereby contributing to more 
sustainable development.
The project occupies something of a unique position in this respect, being involved with wastewater 
management. The removal of wastewater and biosolids from their point of generation, their treatment 
to an extent sufficient to allow their release to the natural environment at a sustainable level, and the 
management of collected biosolids can be considered a service, and thus research is being carried out 
into both areas (I) and (ii) above. The project is concerned with the environmental consequence of this 
‘system’, since it facilitates the release of pollutants to the environment, and also with improving the 
environmental performance of this system, by reducing the consumption of energy and resources and 
emissions produced throughout the process.
Through varied reading and attendance of conferences and meetings, and through practical exercises, 
knowledge of the planning of pollution control and prevention and the management of wastewater is 
being acquired. Planning is the operative word. This is such a large area of environmental 
engineering, often known as environmental engineering, that to become an expert is unrealistic. What 
I hope to achieve within four years is to be able to reeognise the suitability and the applicability of 
particular treatment and collection processes given a particular set of circumstances, such that effective 
decision making can take place.
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The innovation and contribution to knowledge is likely to occur through the application of new 
technologies to the field. The use of risk analysis techniques are also likely to beeome a significant 
area of the project, and these in particular have yet to be applied in depth to the field of environmental 
engineering, not least in the focus area, that of the urban areas of developing countries. The application 
of techniques for dealing with high levels of uncertainty and with incomplete information will be 
particularly innovative. These points are confirmed by Fedra (1993):
"The classic formal scientific tools of water resources management, simulation models, are being 
integrated with new technologies and approaches such as interactive graphics, geographic 
information systems, expert systems, or hypertext and multi-media and distributed and parallel 
processing.
What all these technologies are designed to do is capture more data from more and diverse 
sources faster, make the data more accessible; process them faster with an increasing array of 
tools; turn them into useful information and communicate this information effectively between 
institutions and individuals.
Merging of fields of research or technologies, or adding a new technology to an established and 
mature field, usually leads to new and exciting developments"
It is necessary to demonstrate an understanding of the context of the research: this must include 
the scientific context and, where appropriate should include the commercial and social contexts.
Scientifically, the context of the project is confined to the planning or decision making processes, as 
described, and is such takes something of a broad position. Rather than understand the intricacies of the 
treatment and collection processes used in the management of wastewater, the project is more 
concerned with the particular attributes of these processes that determine their suitability for a given set 
of circumstances. The author’s understanding of the context of the research continues to grow. The 
social context in particular is a fundamental aspect of the work, since it is applied to a particular set of 
social and economic circumstances. The commercial context of the work is something which is 
expected to become more important as the project reaches its latter stages and the proposed decision 
support system is being aimed at a particular market. This is not to say the issue is currently neglected. 
The author intends to remain aware of available systems of a similar nature.
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It is necessary to demonstrate knowledge of how environmental technology can be applied to the 
industrial sector of the sponsoring organisation.
Since the proposed decision support system is intended for use by those involved in the wastewater 
management industry, either publicly or privately owned, it will be considerate of the needs of 
industry. Essentially, this is an industrially targeted project. In HR Wallingford’s case, since their 
main business is currently in the modelling of the hydraulic and water quality flows in the aquatic 
environment, they require a generic tool which can theoretically be applied to a variety of models, 
applying some form of risk analysis, capability for dealing with uncertmn and missing information, 
holistic and integrated planning, and incorporating the range of factors identified into the decision 
making process, in particular those which serve to promote clean technologies.
It is necessary to demonstrate an ability to apply project management skills.
Besides managing this research project, and completing all of the assignments required of the EngD 
scheme alongside the research work, the author is also gaining an appreciation of planning techniques 
in the field of sustainable wastewater management and as such has an understanding of how projects 
are managed, particularly at their outset.
Research engineers must demonstrate the ability to present effectively their research work both 
orally and in written reports.
Courses in both presentation skills and thesis writing have been studied over the last year, and through 
submission of various reports and assignments and the carrying out of a number of presentations to 
either colleagues at HR Wallingford or those on the EngD course, the author’s skills in both of these 
areas have improved.
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Research engineers must demonstrate a knowledge of the application of financial planning and 
control of engineering projects.
Although the financial control of the project is not a major undertaking, there being few major 
purchases necessary, the author is developing a close understanding of the financing of investments in 
the field of aquatic pollution prevention and control. Familiarity with the operation of the UK water 
industry, recently privatised, is a good position from which to see how the financial management of 
projects in environmental engineering has become a priority.
A large aspect of the project is the valuation of environmental resources and of a sanitary immediate 
environment, both to the inhabitants of a city and to those who make decisions on their behalf at a 
municipal and national level. An assignment to propose how these valuations might be elieited from 
the residents of an urban area and those involved in their governance, and translated to an assessment 
of the financial viability of any investment was completed in May, as described.
Demonstrate the ability to work within and lead teams
Experience in this area derives both from past experience and from the modules studied on the EngD 
course. The author’s experience in the last year of team leadership is confined to the day spent in 
London during the induction week.
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PREFACE
This report deals with decision making for the prevention and control of aquatic pollution in the urban 
environment. It is the third report of progress on a project being carried out through collaboration 
between HR Wallingford of Oxfordshire and the Department of Computing at the University of Surrey, 
on the Engineering Doctorate in Environmental Technology (EngD) programme. The document 
provides a review of the six month period beginning October 1997. The cover shows the front page of 
a prototype hydroinformatic system developed by the author and described in detail in Section 5 of the 
following report.
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1.1 INFRASTRUCTURE FOR THE PREVENTION AND CONTROL OF 
AQUATIC POLLUTION IN THE URBAN ENVIRONMENT
By the early decades of the next century, more than half of the world’s population will for the first time be 
living in urban areas. Many will be living in cities of over ten million people, and the majority of these 
megacities will be in the developing world. In the developing countries of the world particularly, rapid 
urbanisation coupled with a lack of investment has meant that infrastructure provision has failed to keep up 
with the growth in requirements, and the problem is particularly acute in the megacities described. Where 
measures for the prevention and control of pollution have been lacking or have been allowed to fall into 
disrepair, massive environmental degradation has taken place, threatening ecosystems and in turn the health 
of the inhabitants of the urban areas in question.
The previously defined concept of clean technology, with its appreciation of the economic benefits which 
come in unison with sustainability, is thus inherently applicable to the problem described. With proper 
consideration for all of the political, economic, environmental, social and technological factors bound up 
with the infrastructure in question, and with an appreciation of the full range of available technologies, it is 
the author’s belief that the implementation of clean technologies in the management and protection of 
water resources would be an obvious step. However, as identified at an earlier stage, clean technologies are 
rarely implemented, and this can be attributed largely to inadequacies in the decision making processes 
which determine the nature of investments. Thus, decision making is seen as the key to the implementation 
of clean technology such that environmental, economic and social sustainability can be pursued in parallel.
Key players in the planning of this infrastructure are national and municipal governments, financial 
institutions and development banks, and powerful consultancies and engineering houses. It is proposed 
that the most effective way in which the optimum allocation of resources can be brought about is 
through improving the decision making processes used by these key stakeholders. Besides taking a 
holistie view of the interaction between cities and their aquatic environment, this improvement might 
also constitute the greater involvement of all stakeholders in the decision making process. This is 
something advocated by many of these institutions, but in the majority of applications it has yet to be 
achieved satisfactorily.
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1.2 THE ROLE OF HYDROINFORMATICS
The key to the adoption of a holistic approach to the planning of the systems in question is the 
provision and management of the information necessary to support the decision making process. Given 
the complexity of the systems under consideration and the levels of uncertainty and incomplete information 
anticipated in the urban areas in question, the use of hydroinformatics for this purpose is considered 
essential. Here, in essence, is the unique nature of this project.
Hydroinformatics does not inherently address the question of sustainability, and those involved in the 
planning of urban infrastructure appear to make hmited use of informatics. Through the synthesis of 
these fields, applying hydroinformatics to the sustainable management and protection of the aquatic 
environment, it is hoped to improve the planning of the systems described. It is proposed that a 
decision support system (DSS) will be produced.
An integrated, modular approach to the development of a DSS has been adopted for reasons set out in 
Section 2 of the report. With this in mind, the integration of software applications has been explored 
by the author. The integration of a geographic information system (GIS), a spreadsheet and an 
application for the estimation of wastewater characteristics has been achieved. The latter is an 
application of the theory of fuzzy logic, and was developed by the author to estimate wastewater flows 
and pollutant loadings on the basis of socio-economic data, using information from Belo Horizonte, the 
fourth largest city in Brazil. As such it represents one of the available approaches to the management 
of incomplete or uncertain information.
The need for a user interface through which a decision maker can access the various modules of a DSS 
is also discussed in Section 2.3, and the use of browser technology in particular investigated. The 
hydroinformatic system presented in the preceding progress report has been adapted to act as a user 
interface to the prototype modular system described.
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1.3 A SUMMARY OF THE PROJECT PORTFOLIO TO DATE
The first of the progress reports of which this document is the third, produced at the six month stage, 
was largely based on the findings of a preliminary literature review and began with an appraisal of the 
existing conditions and trends in the urban areas of the developing countries of the world. The 
potential for the application of clean technologies to the management of wastewater was discussed, and 
the reasons for which such technologies have yet to be widely applied were identified as being 
processes occurring largely at the decision making or planning stage, prior to either design or 
construction. A review of the methodologies used to support this decision making process was carried 
out, and the most recent work in the field assessed. Finally, the use of hydroinformatics to address this 
problem was discussed.
In the second progress report submitted to the portfolio, progress towards the development of a 
hydroinformatic system for the planning of sustainable wastewater management was described in 
detail. The coneept of easing the burden of interpretation was introduced, and the utility of a DSS in 
this respect described. An example of how clean technology might be appUed in the form of systems 
for decentralised wastewater management was set out, and the associated benefits described in 
considerable detail. Emphasis was placed upon how this was merely one option which might be 
considered within the scope of the decision making framework, and upon how a DSS might highlight 
the potential advantages of options which had been overlooked in the past. The need to deal with both 
subjective and stochastic uncertainty within the confines of the project has long been acknowledged, 
and the application of probability based forecasting to the estimation of domestic wastewater 
characteristics was presented as one approach to dealing with the latter of the two.
1.4 THE CONTENTS OF THIS REPORT
Taking off from the preceding report, this document describes the further development of a prototype 
hydroinformatic system for decision support. The hypertext checklist adapted from Horan and Parr 
(1994) is expanded to incorporate links to an integrated modular system, and an application of fuzzy 
logic to the decision making process, specifically in the estimation of domestic wastewater 
characteristics, is explored as another method of dealing with uncertain information. The theoretical 
basis for the development of the system is set out in the following seetion of the report.
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2.1 DECISION SUPPORT SYSTEMS: THE OPTIMUM APPROACH
There appears to be considerable consensus, albeit amongst those in hydroinformatics, as to the most 
suitable form for a DSS to take. Haagsma (1995) sees that decision support is a necessity for water 
managers, and recognises that the field requires knowledge from many disciplines. In addition, he sees 
that decisions are commonly politically driven, and subsequently that subjective information has 
considerable influence upon the decision making process. The aim of a DSS, then, is to ensure that all 
of the necessary information is accessible to those involved in the process, so that objective decisions 
can be made wherever possible. Fedra (1995) also recognises this, and proposes that better, more 
useful information needs to be made available and effectively integrated into the otherwise 
eeonomically or socio-politically determined decision making process. Watkins and McKinney (1995) 
define a DSS as an integrated, interactive computer system, consisting of analytical tools and 
information management capabihties, designed to aid decision makers in solving relatively large, 
unstructured problems.
The key then, to useful computer based decision support is integration. The integration of external 
sources of data is important too, since for any real-world problem information will come from 
numerous sources, in different formats and with different quality. The integration of these sources into 
one unifying information system requires tools to extract and filter, adapt and often interpret the 
original data.
Though a range of integrated modules can certainly add up to more than the sum of their parts, the 
primary beneficial role of integrated DSS is in their heuristic and didactic value. They can potentially 
generate a widely accepted and familiar format for a shared information basis, therefore supporting an 
open debate. That open debate and in turn the involvement and representation of all stakeholders will 
improve the quality of the planning process is beyond doubt.
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2.2 BEYOND NUMERICAL MODELS
Though the use of numerical models can add to the quality of the decision making process, there is a 
body of opinion which suggests that their results commonly carry more weight than they warrant. 
Watkins and McKinney (1995) recognise that simulation and optimisation models have remained at the 
heart of most water resource DSS, but also that these widely used analytical tools have ironically 
brought about the need for other technologies to be integrated into the DSS. It is suggested that DSS 
can be characterised as systems which sacrifice modelling at the scale of physical processes for the 
sake of remaining useful for decision making.
In describing the development of a DSS for water resource management being developed under the 
EC's EUREKA programme, Jamieson (1994) of Thames Water International promotes the idea of a 
seamless eomputerised system in which modelling and optimisation techniques are relegated to become 
an analytical kernel wrapped within a user friendly shell. In the WaterWare system developed by ESS 
of Austria under the auspices of the same project, a flexible modular approach is again adopted, based 
on a tool-kit which allows users to select the components required to manage their particular problems. 
The system architecture comprises different degrees and mechanisms of coupling at various levels of 
integration.
This theme is explored by Haagsma (1995), who sees fit to distinguish between integration and co­
ordination, where co-ordination means that there is a heirarchy where one model delivers the data to 
the other in a specified way without feedback, while integration of models, information and databases 
into a DSS means that there is no heirarchy in the system. The exercise carried out by the author 
recently and described in the following section of the report can currently be classed as one of 
coordination, yet the flexibility of the approach adopted, using Visual Basic for Applications (VBA), 
means that further development of a relatively simple nature will allow non-heirarchical exchange of 
data and information to take place.
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A conceptual DSS is provided by Haagsma (1995), showing an integrated set of models and data bases, 
and this is set out in Figure 1 below. Even where a certain heirarchy exists in some cases, it will not 
completely restrict the ability of the system to function.
DSS. World Wide Web
mathematical 
programming 
knowledge bases
mathematical and 
physical modelsdata-bases
optimisation search retrieve simulation
Interpretation
Output InputDSS. Local
Stimulus Question
Water Manager
Action Stimulus
Input OutputLocal Water Resources System
Figure 1. Concept of a decision support system for water resources management, Haagsma (1995)
2.3 THE IMPORTANCE OF THE USER INTERFACE
However extensive the range of techniques available to the decision maker, and however seamlessly 
integrated they are, they will be of little real use without the additional qualities offered by human 
judgement. Through removing computer intensive processing tasks from the decision making process, 
the decision maker is freed for activities such as the consideration of abstract issues, directing the 
overall decision making process and providing feedback based on intuition and professional judgement. 
Jamieson (1995) sees that for the foreseeable future, computers will be used purely to supplement user 
experience. As a consequence, the quality and ease of use of the part of the DSS through which the 
decision maker interacts with the system is paramount.
Rizzoli and Young (1997) suggest that the users of DSS can be divided into three categories. The first 
of these is the environmental scientist, who develops models, therefore defining the problem domain 
for a given application. The second type of user, the decision maker or environmental manager then 
works within this domain, using the developed models. Once again, these models are ideally integrated 
to avoid the manager being distracted with the technical details of modelling and simulation. Finally,
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the environmental stakeholder is defined as a user who wishes to understand the responses of different 
parts of the system under proposed management decisions. For this type of user an important function 
of the DSS is its ability to educate, demonstrate and explain. Following on from this categorisation, it 
is suggested that a two-level DSS is applicable, whereby the environmental scientist employs the DSS 
as a modelling environment, while both categories of end user can access the DSS in a simpler and 
more structured fashion. Essentially, different system-user interfaces are required.
One aspect of the project, since HR Wallingford holds expertise in environmental modelling, is to 
provide an accessible interface through which the organisation’s numerical models can be used to 
greatest effect in looking at the responses of different parts of environmental systems under proposed 
management decisions. For such a mode of use to be successful, there needs to be a holistic 
consideration of the system at work. Numerical models of environmental systems are commonly used 
in isolation by decision makers and planners. Not because these people or organisations are ignorant of 
the way that other social, economic, environmental and political systems impinge upon the decision 
making process, but because to take all of these factors into account simultaneously usually serves to 
cloud the decision making process.
For this reason, the proposed DSS ought to help guide the decision making process in a structured 
fashion, ensuring that all of the necessary factors have been taken into consideration, yet somehow 
allowing clear informed choices to be made in specific contexts. In addition , there should be an 
auditable decision trail, such that all stakeholders can see how a decision has been reached, and how 
subjective valuations or uncertain information sources have been dealt with. This will provide the 
transparency often considered necessary to the decision making process.
Having established the basic requirements of the DSS, work has been ongoing to explore the suitability 
of existing software applications to act as the proposed single user interface. The key to the success of 
this interface will likely be its ability to link with and effectively integrate other modules such that they 
are accessible and able to exchange information. The exercise is described in the following section.
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3.1 A PROTOTYPE DECISION SUPPORT SYSTEM
In investigating the available alternatives for a user interface to the DSS, the potential of Maplnfo, a 
widely used desktop mapping application (see below) was explored. Maplnfo was chosen after a 
careful analysis of the available software, since it appeared to offer the greatest flexibility of those GIS 
and desktop mapping apphcations which had been investigated. Its widespread use both within HR 
and worldwide and its ability to link to external applications with the help of MapBASIC, a macro 
language, were seen as particular advantages, while the recent collaboration of Maplnfo Corporation 
with Microsoft to provide Excel with a mapping function suggests that Maplnfo’s use will continue to 
proliferate, thus offering the advantage of familiarity to a wide range of users, obviously an invaluable 
quality in a user interface.
Specifically, a small project involving the integration of Maplnfo and Microsoft Excel was carried out, 
and this is described in detail in Section 3. This work was encouraged by all those involved in the 
supervision of the project, largely because it provided an opportunity for the author to increase his own 
familiarity with the development of information systems.
The use of fuzzy logic to deal with uncertainty was simultaneously investigated, and a developed 
application was applied in turn to the exercise described, for the purpose of estimating wastewater 
characteristics on the basis of socio-economic data. The methodology is described in Section 4. The 
resulting modular system was situated within the context of a more holistic decision making framework 
using the hydroinformatic system described in the preceding report, and the modifications made are 
described in Section 5.
Maplnfo: Described by M aplnfo Corporation as a desktop mapping application, Maplnfo is effectively a 
GIS. It offers the processing power of a database and the visual power o f maps, and thus enables 
sophisticated data analysis together with effective presentation o f the results.
Visual Basic for Applications: VBA is a programming language used within Microsoft O ffice 97. 
Essentially, VBA allows the development o f applications within and based upon host applications such as 
Excel or Word. It also allows the control o f such applications, and to an extent allows the control o f other
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3.2 AN EXERCISE IN INTEGRATION: TECHNICAL DETAILS
As is described in the preceding section, it was initially thought that using MapBASIC to manipulate 
the front end of Maplnfo would be the most effective way to produce a user interface for the proposed 
decision support system. This approach, however, required that a process called dynamic data 
exchange be used, and this was subsequently found to be both slow and unreliable.
An approach described in the Maplnfo documentation as integrated mapping, using a process termed 
OLE (Object Linked Embedding) Automation, was consequently adopted. Since this is carried out from 
within Microsoft Excel using Visual Basic for Applications (VBA) (see previous page), it seems more 
suited than MapBASIC to incorporating other applications in the future, given VBA's widespread use 
and its relatively user friendly nature. The integration exercise has been slow moving, largely because 
of the author’s lack of experience with VBA, though some functionality has been achieved and this is 
described below.
A userform created using VBA and shown below is used to open Maplnfo and display a map of a 
selected city and associated details.
City j Washington DC
Enter Selected City
Browse Selection in Maplnfo
Send Data to Fuzzy Model
Figure 2. The user selects a city about which information is
held in Maplnfo through a userform created in VBA
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In this case, a map of Washington DC delineated by zip codes is selected and displayed together with a 
table containing a range of associated information.
Professional
E te Edit f ib iects  fluery JaW e O ptons Sraw sa iV W ow  Help
1)1 /i\> f'tif nini
ZipCode Area Population H w
34,442
20,002 58,921
20,003 24,403
20,004
20,005
20,006
20,007 23,029
20,008 26,688
20,009 46,703
20,010 27,977
60,513
20,012 14,331
20,015 14,496
20,016 31,141
20,017 16,683
90 01 fi 9fii0 17 PR9
Figure 3. The user selects areas of interest using the mouse, either from the map or the table
The next stage is for the user to select those areas in which an interest is held, either from the map or 
the accompanying table. These may be particular zip codes or could feasibly be other regions or 
points. A separate table containing all of the information associated with those regions selected is then 
created, and using a created drop-down menu, this information is then transferred to an Excel 
worksheet, shown over the page.
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20,002 5.417 58,9
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‘Ready
A rea Population  H ouseholds Mean Household Incom e 
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Figure 4. Information is transferred from one application to another
Once the transferred information is on the worksheet it belongs to Excel and can be freely manipulated. 
As such, calculations can be performed using standard spreadsheet operations or using other 
applications. An application of fuzzy logic, best described as a fuzzy algorithm, has been attached in 
order to show how calculations might proceed directly from the transfer of data, and the methodology 
is described in the following section.
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4.1 FUZZY DECISION MAKING
Various methods are available to deal with the representation and analysis of uncertain or incomplete 
information. Amongst these is fuzzy set theory, introduced by Zadeh (1965). Instead of treating 
imprecise information as obsolete and fuzzy cognitive and decision making processes as absurd, the 
theory regards them as prevailing phenomena which can be formally analysed. Through the theory, 
human subjectivity and inexact information can be formally represented and analysed.
Central to the theory is the concept of a fuzzy subset. In conventional set theory, we have a clear cut 
boundary between membership and non-membership of an element to a set. Under fuzzy set theory, a 
gradual transition from membership to non-membership is considered to be more realistic. Hence we 
are able to deal with imprecision or elasticity in our information.
In the developed fuzzy logic application, set up within Microsoft Excel, domestic wastewater 
characteristics are estimated on the basis of household income and population density, where these are 
expressed using the linguistic terms, low, medium and high, each representing a fuzzy subset. The data 
derives from a paper by Campos and Von Sperling (1996) describing work carried out in Belo 
Horizonte, the fourth largest city in Brazil, while its structure is based on that used in the estimation of 
traffic noise in Catania, Sicily by Cammarata and Fichera (1995).
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Rules were derived from the data provided by Campos and Von Sperling using linear regression, such 
that linear relationships between income, wastewater production and BOD load were developed, and 
these are shown below. The derivation of these relationships is not entirely satisfactory since it is 
based on such limited data, but again the methodology is more important than the accuracy of the 
estimation.
y = 10.265%+ 53.532 
R^= 0.9487
y = 4.8869%+ 23.128 
R^= 0.9512
LOW INCOME LOW INCOME
I i fI  ^  f  100 f  40
Incom e (No. o f mln. sa la rie s ) Income (No. of min. salaries)
y = 9.0575% + 46.883 
R^= 0.8026
y = 2.8033%+ 17.022 
R^= 0.4876
MEDIUM INCOME MEDIUM INCOME
"S 5  S' 150 ■
OQ CO
Income (No. of min. salaries)Income (No. of min. salaries)
y = 1.3613%+ 30.749 
R^  = 0.4754
y = 8.2704% + 54.061 
R^  = 0.9967
HIGH INCOMEHIGH INCOME
O ■§ 
03 CO
Income (No. of min. salaries)Income (No. of min. salaries)
Figure 5. Rules were derived from data on Belo Horizonte using linear regression
The fuzzy sets, low, medium and high income are set out on the following page. For the purposes of 
this exercise, they were derived in an arbitrary fashion, but could quite feasibly be discussed by a group 
of decision makers and built on the basis of their opinions. One of the advantages of the frizzy set 
approach is that even where these opinions are conflicting, compromise can be reached and eventually 
sensitivity analysis carried out to determine the influence of any subjective weightings. Where a 
contentious issue is particularly influential upon the decision making process it can be further debated 
and additional information collected. Bender and Simonovic (1996) introduce the idea of frizzy 
compromise programming where group decision making is facilitated by the use of collective opinions, 
including membership functions designed to reflect conflicting judgements.
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INCOME: FUZZY SET DISTRIBUTIONS
1.20
1.00
2: 0.80
S  0.60
MEDIUME  0.40 INCOME HIGH
INCOMELOW0.20 INCOME
0.00
200 5 10 15 25
INCOME (No of minimum salaries)
Figure 6. The fuzzy sets, low, medium and high income
4.2 THE STRUCTURE OF THE MODEL
A form of fuzzy inference was used to build the model, whereby:
If Xi belongs to the fuzzy set Ai and X2 belongs to the fuzzy set A; and... and x„ belongs to the fuzzy 
set An then y = g(xi, Xz Xg)
Where: y is the variable whose value is inferred; Xi, X z ,..., x» are the variables that determine the y 
value; A], Az, A„ are fuzzy sets, with piecewise linear membership functions, defined on the x%, xz, 
..., Xn variables; g ( .) is a function that implies the value of y.
The generic inference, used in a fuzzy algorithm, assumes therefore the form shown below.
1
0
Xii
and Xz is 1
0
and,... Xn is
0
Xnl
Then y = po + PiXi + pzXz + ... + p„Xn
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For each implication the output value is computed as: 
y' = g‘ (Xl°, X2°,
where (x^, Xz° . . Xn®) is the actual input vector.
The truth value of this output can be obtained by using a generalisation of the modus ponens criterion: 
the consequence of a fuzzy rule is as true as its antecedent. In this case each rule has a truth value:
ly = yi = min(|l‘i(Xi®), ll2(X2°), •••, lt‘n(Xn°))
where 1*1 means the truth value of proposition *, and |i is the truth value of each value of x.
Finally, the output is computed as: 
y = Xly = y i . y  /Ely = ÿ\
where the summation is extended to all rules that make up the fuzzy algorithm.
In the case of the model developed to estimate wastewater flows and BOD loads, the following 
variables were used.
Xi = monthly household income (No of minimum salaries)
Xz = population density (persons / km^) 
yi = peak flow (m  ^/ s) 
yz = BOD load (kg / day) 
ya = total flow (m  ^/ day)
where yi, yz and y3 are three separate functions of x% and Xz. As such, for each of the nine rule 
premises set out on the spreadsheet there are three consequences.
The outcome of the model obviously depends upon the fuzzy sets contained in the rule premises and on 
the polynomials of these associated consequences. Fichera et al. (1995) describe an optimisation 
strategy which can be used to determine the fuzzy model in detail. This is something which might be
incorporated in the future, but for now the fuzzy sets are defined arbitrarily and the rules derived from
the limited data set of Campos and von Sperling.
15
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The first of the rules, for example, states that, "If income is low and population density is low".
Estimated Peak Flow, Qmax = Ki.Kz.qw.A.D / 86400 
Estimated Total Flow, Q,ot = qw-A.D 
Estimated Total BOD Load, Ltot = L-A.D 
Where:
Ki = co-efficient of flow variation above the average wastewater production on the day of maximum 
water consumption (assumed to vary according to pop density)
Kz = co-efficient of flow variation above the average daily wastewater production during the hour of 
maximum consumption (assumed to vary according to pop density) 
qw = average wastewater production in litres per capita per day
(estimated at 53.532+10.265 * INCOME (from Maplnfo))
A = area under consideration in square kilometres (from Maplnfo)
D = population density in persons / square kilometre (from Maplnfo)
Iw = BOD load in grams per capita per day
(estimated at 23.128+4.8869*INC0ME (from Maplnfo))
16
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4.3 THE OPERATION OF THE MODEL
Eigures for the selected area are fed directly from Maplnfo into the data entry box shown in the top left 
corner of the worksheet in Figure 7 below. The membership values for the values of income and 
population density are then calculated in row 37 of the worksheet. Here the degree to which the values 
belong to each fuzzy set is computed, giving a number lying somewhere between 0  and 1 , denoting 
none and full membership respectively. It can be seen that an income of 11 minimum salaries is 
considered to belong to the fuzzy set, MEDIUM INCOME with a truth value of 0.50, while it is 
considered to be a member of the fuzzy set, HIGH INCOME with a truth value of 0.10. It is not 
considered to be a LOW INCOME at all.
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Figure 7. Estimation of wastewater characteristics using the fuzzy algorithm described
As described in the methodology, the membership function or truth value of each rule is then 
calculated, here shown in the weighting column. It can be seen that rules five and eight fire in this 
case, with corresponding truth values of 0.41 and 0 .1 0 , the minimum membership function of the two 
variables, INCOME and POPULATION DENSITY. Thus the final estimates in the top right corner are 
produced by dividing the sum of the product of the calculated values and their truth values by the sum 
of the truth values. With further work, there is no reason why these estimated figures could not be fed 
back to Maplnfo and represented visually, or indeed to another model, for the optimal design of 
wastewater treatment facilities, for example.
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Fuzzy set theory has been shown to have some application, then, in estimating unknown parameters on 
the basis of available data, where the latter is subject to some uncertainty due to a vagueness of 
meaning, expressed using linguistic terms. It would appear to have further potential, however, for 
incorporation into the planning or decision making methodology itself. Any decision problem can be 
understood as revolving around a choice between alternatives, where these are analysed and ranked 
according to a number of chosen criteria. Where the overall objectives and constraints are vague, the 
application of fuzzy set theory to these so called multi-criteria decisioii making techniques would 
appear to have considerable value, and it is hoped to investigate this area in the near fiiture.
As stated previously, the key to the success of the proposed DSS is its ability to allow the integration of 
various tools and techniques. The approach used in the work described, based on extending the 
capabilities of existing software applications using VBA appears to offer a good basis for further work. 
In the following section, the use of browser technology as a means of access, and of the hyperchecklist 
as a method of maintaining the holistic structure advocated at the close of Section 2 are explored.
18
Appendix C3: EngD in Environmental Technology 18 Month Report
5.1 BROWSING AND HYDROINFORMATICS
The hydroinformatic system for the selection of sustainable wastewater treatment strategies developed 
by the author aims to apply a holistic and comprehensive framework to the decision making process, 
taking into account technical, economic, environmental and social factors, institutional capacity and 
energy requirements. If we situate the work described in the preceding section within this framework, 
it soon becomes apparent that the estimation of wastewater characteristics, though an interesting area, 
is a relatively minor part of the planning process. The interface to the integration exercise set up in 
Microsoft Excel can be directly accessed from the author’s web site, shown below, via the prototype 
hydroinformatic system. The route is illustrated by the screen shots on the following page. The 
suitability of browser technology to act as the interface to a wide range of applications has considerable 
significance given the importance attached to the user interface in the preceding discussion, and with 
the continued growth of the World Wide Web, the fact that external information which might not 
otherwise have been incorporated into the decision making process can be utilised is also in its favour.
Fie £dit View go Bookmark* Qphonj Drectoty Window Help
Back
.
Edit Op»n P rin t r iM
Loc^ion:|file:///D|/Leon/Checklist/index.htm
WhaCsNew? I What's Coot? Desttnatwais 1 Net Search People f  'Software
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managers and decision-makers within cities to make decisions about water in an optimal way for the 
long-term benefit a^d protection o f the environment. This is a drive to protect the Earth’s most abundant and 
yet most precious Resource; water. % ;
PROTOTYPE
A prototype hyper-checklist for the selection of sustainable wastewater management strategies
m m #
(c) 1998 Leon Miles
Online access to the author's conference papers and progress reports
Details of people involved in the project
PAPERS AND R
PROJECT
Figure 8. Access to the prototype hydroinformatic system via the author’s web site
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Figure 9. The user selects the checklist of technological factors from the front page of the prototype hydroinformatic system
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Figure 10. A link to the wastewater characteristic estimation tool
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As will be apparent, the wastewater characteristic estimation model is accessed through the checklist of 
technological factors which need to be considered by decision makers. Where information on waste 
characteristics is incomplete or uncertain, estimations can thus be produced on the basis of the 
available socio-economic data.
The estimation of wastewater flows and compositions is a relatively small part of the range of 
information which needs to be considered. It can be concluded that the integration exercise described in 
this section of the report has been useful in that it has improved the author's familiarity with the 
development of information systems and with the potential applications of fuzzy logic, but is unlikely 
to become a major component of the project as a whole. The decision making methodology and the 
subsequent structure of the DSS should be key, rather than the intricacies of how integration will be 
achieved, though it is important that the feasibility of the proposed DSS structure is considered.
21
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6.1 SUMMARY AND FUTURE WORK
Improving the quality of the decision making processes which guide developments in infrastructure for 
the management and protection of the aquatic environment is seen as the key to the implementation of 
clean technologies, and hence to achieving sustainable development in the urban areas of the 
developing world. Given the complexity of the systems under consideration, particularly on the scale 
necessary for the megacities, the management of the information required necessitates hydroinformatic 
systems, and in particular what are termed decision support systems (DSS).
There is a strong consensus in the literature that the development of a DSS, in this case for the selection 
of investments in urban pollution prevention and control necessitates the adoption of an integrated 
modular information system, with each module, be it software application, modelling environment or 
group decision making process readily accessible from a single user friendly interface.
The exercise described in the main body of this report set out not to find the definitive front end to such 
a DSS but to explore the ease of integration of a number of software applications. In retrospect, the 
work proved most effective as an opportunity for the author to increase his familiarity with the 
development of information systems, and in part to become used to working with VBA.
It was thought that the work using fuzzy set theory in the estimation of domestic wastewater 
characteristics was interesting, but that any further development will be with its use in planning and 
decision making, perhaps as a method of ascertaining the opinions of a group of decision makers and in 
dealing with the subjective uncertainty inherent.
Work will continue to explore the feasibility of exploiting browser technology, now employed by the 
majority of software applications and thus familiar to the majority of users. With its ability to manage 
textual, pictorial and other diverse types of information, such a format has the potential to ease the 
burden of interpretation placed upon the user of a knowledge base. Firstly, by making the user aware 
of a document, then by suggesting key documents and eventually by extracting relevant information. 
The latter stages require knowledge, which can potentially be captured from experienced decision 
makers and encapsulated, in a so-called expert system. Again, the key to such an approach is 
integration.
2 2
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ENGD IN ENVIRONMENTAL TECHNOLOGY: MODULES STUDIED
Over the six month period documented in this report, two modules were studied as a requirement of the 
EngD in Environmental Technology programme. The first of these, held in late October, was on Clean 
Technology and Sustainability. As a course taught to both first and second year research engineers it 
provided a good overview of the issues of clean technology and sustainability, and moved from the 
specifics of clean technology through to the role of education and ethics in influencing our patterns of 
behaviour and their effects upon the environment. A critique of the module was submitted to the 
project portfolio early in December, together with an assignment, “Sustainability and intra-generational 
equity”, describing how the attitudes of the author were altered as a result of the week long course.
The second of the modules studied, held in late November, was on Risk Communication. This dealt 
with the way in which risks are communicated, generally to the public by industrial or governmental 
organisations, and looked at the effectiveness of different forms of communication and at the role of 
the mass media and others in distorting the messages being communicated. An assignment was 
submitted to the project portfolio in January, in response to the question, “According to Otway and 
Wynne (1989) risk communication has come to a dead end. Do you agree with this statement?” It was 
concluded by the author that risk communication has stalled. Academically, the field was seen to have 
matured, yet in practice the adoption of the optimum, dialogue based approach has yet take place on a 
significant scale, for a number of reasons.
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PREFACE
The objective of this research is to study the relationship between wastewater management and clean 
technology, and how the transparency of related decisions could be increased. The development of a 
decision support methodology to encourage sustainable development of urban areas through the 
effective management of their water resources is proposed. HR Wallingford has specified a robust 
decision support system to be applied to the emerging markets of the megacities and to be used in part 
to introduce the organisation’s modelling expertise to those involved in urban governance.
The methods of decision making used to plan new developments or to improve existing infi-astructure 
for the protection of the aquatic environment are not clearly documented. However, those involved in 
these planning processes are steadily building up archives containing a large number of case studies of 
schemes planned and implemented which can be used as a basis for understanding such methods. By 
locating and subsequently influencing the information flow which contributes to the decision making 
process it is hypothesised that the implementation of clean technology can be encouraged.
Study of the environment, and particularly of the impact of anthropogenic activities, increasingly 
requires the consideration of a range of parameters. In each of these is confounded a large amount of 
information. As such, now that the link with the protection of the aquatic environment has been 
established, wastewater management is not solely considered to be a hard engineering problem, as was 
thought to be the case in the early stages of the discipline’s development, and neither is it merely a 
consideration of economics, as has become more prominent in the last few decades. Other issues of 
importance include sociological factors and institutional capacity, and the important issue is the 
interaction between all of these. Thus, the major challenge in wastewater management is one of 
understanding where data is and how to process it. Therefore, a key contribution of the work is in 
producing clarity in an attempt to understand the decision making process, through conducting research 
that analyses case studies by comparison with methods proposed in the literature. In order to simulate 
a decision making process dominated by human judgement, the use of artificial intelligence will be 
necessary, and a common requirement will be the need to deal with uncertain data.
We have attempted to establish clear links between clean technology and wastewater management. In 
addition, the concept of clean technology has been introduced to HR Wallingford, and in turn to the 
practitioners of wastewater management. Clean technology originated in the manufacturing industries, 
and was borne of concerns for energy efficiency and waste management; primarily issues of quantity. 
These problems are faced in wastewater management, but quality is also an important issue. Not only 
is water quality a concern, but so too is the quality of life and environment in urban areas. A balanced 
view is essential, not only for urban governments but also for international agencies such as the World 
Bank.
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It is proposed that clean technology compliance will come through the monitoring and use of 
information flow, or more specifically, through the use of hydroinformatics. Active research involves 
the ongoing development of a prototype decision support system. At present this demonstrates the use 
of a planner’s checklist, the use of an algorithm employing the theory of fuzzy sets and a rule based 
system to process data stored in a geographical information system to provide information to a decision 
maker. Problem identification and knowledge acquisition has been carried out through interviewing 
experienced engineers of various nationalities at the International Institute for Infrastructure, 
Hydraulics and Environmental Engineering at Delft in the Netherlands. It is intended to conduct 
further knowledge acquisition sessions to substantiate the knowledge encapsulated in the prototype 
system.
Techniques of multiple-criteria decision making have been reviewed and evaluated with a view to 
incorporating the values of various stakeholders in the decision making process and therefore 
encouraging collaborative decision making. If appropriate it is intended to apply one of these methods 
to the field of wastewater management, for the purposes of providing a decision audit trail which will 
lend transparency to the decision making process.
The research will thus contribute to knowledge in the discipline of hydroinformatics through adding 
multiple-criteria decision making techniques to the prevailing combination of geographical information 
systems, knowledge based systems and simulation models. It will also broaden the scope of the clean 
technology discipline beyond the focus on manufacturing industry to encompass systems of 
infrastructure for the service of urban communities. We intend to submit a paper on “Multiple criteria 
decision making in decision support systems" to the refereed Journal of Hydroinformatics, the first 
edition of which is to be published in July 1999. The abstract of this paper is reproduced in Appendix 
n. A Gantt chart detailing the intended submission date, other deadlines and the proposed programme 
of research over the next two years is also provided in Appendix HI.
Appendix C4: EngD in Environmental Technology 24 Month Report
1 INTRODUCTION
By the early decades of the next century, the human race will pass a demographic milestone. The 
majority of its six billion members will for the first time live in urban surroundings. The greatest shift 
towards urbanisation is taking place in the developing countries of the world, and much of the growth 
is in huge megacities. The United Nations Centre for Human Settlements (1996) estimates that by the 
turn of the century there will be twenty-three such cities of over ten-million people, and that the 
majority of these will be in the developing world.
In the developing countries of the world particularly, rapid urbanisation coupled with a lack of investment 
has meant that the provision of infrastructure has failed to keep up with the growth in requirements, and the 
problem is particularly acute in the megacities described. Where systems of infrastructure for the 
prevention and control of pollution have been lacking or have been allowed to fall into disrepair, massive 
environmental degradation has taken place, threatening ecosystems and in turn the health of the inhabitants 
of the urban areas in question.
If sustainable development as defined by the World Commission on Environment and Development 
(1987) is to be achieved, whereby we must meet the needs of the present generation without 
compromising the ability of future generations to meet their own needs, then these cities need to be 
effectively managed. The concept of clean technology, in which the economic benefits which come in 
unison with sustainability are emphasised is inherently applicable. With proper consideration for all of the 
political, economic, environmental, social and technological factors bound up with the infrastructure in 
question, and with an appreciation of the full range of available technologies, it is the author’s belief that 
the implementation of clean technologies in the management and protection of water resources would be a 
natural step. However, clean technologies (whether explicitly regarded as such or not) are rarely 
implemented, and this can be attributed in part to inadequacies in the decision making processes which 
determine the nature of investments. The predominant decision making processes have failed to give 
sufficient account to economic, social and developmental, or so-called soft-engineering issues, and it is 
hypothesised that a more holistic, interdisciplinary approach is required.
It is not fully understood how information of this type, from many different sources, is processed and 
interpreted by humans. However, developments in computing science and particularly in the field of 
artificial intelligence (AI) encourage us to believe that multi-disciplinary data can be synthesised in an 
integrated manner and that there are ways and means for dealing with the inherent uncertainties in such 
complex data sets, through effectively emulating human decision making processes. It is intended that 
a decision support system be developed to incorporate elements of knowledge based expert system 
technology and techniques for the management of uncertainty, and it is hypothesised that this will 
enable the necessary holistic approach. Provided the information flow which aids and impedes the 
decision making processes that underpin the management of urban infrastructure can be understood 
clearly and can be dealt with objectively, sustainable environmental management can be achieved.
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Key players in the planning of this infrastructure are national and municipal governments, financial 
institutions and development banks, and powerful consultancies and engineering houses. It is proposed 
that the most effective way in which change can be brought about is through improving the decision 
making processes used by these key stakeholders. The international development banks have 
structures in place for identifying the problems they have experienced in the past and evaluating the 
shortcomings of their decision making processes. The widespread call for informatic systems to aid 
development in all sectors in light of these analyses, not least in the sector of infi-astructure for 
environmental management, would appear to substantiate the above hypothesis. The World Bank’s 
Information for Development Programme^ and the Inter-American Development Bank’s Informatics 
2000 initiative^set out these intentions well. The World Bank’s (1994) World Development Report 
describes a situation where techniques for use in the planning of infrastructure are not widely applied, 
despite the fact that they can bring rational and objective analysis to the decision making process. Their 
evaluation of completed projects indicates that both high quality project planning appraisal and 
ongoing monitoring of implementation are required for project success, and this would suggest that 
informatics will be beneficial in providing a means to manage the information essential to these 
processes.
In their proposal for a council decision adopting a specific programme for research, technological 
development and demonstration on a user friendly information society (1998-2002), the Council of the 
European Union^ suggest that their research in the environmental field will focus on decision support 
systems and services for administration, industries and the public, together with advanced systems and 
services for the identification, assessment, monitoring and prevention of risks. Their priorities include 
intelligent information systems on water quality and for the monitoring and management of natural 
resources, advanced systems for water pollution prevention and integrated information tools and 
support systems to improve ecological and resource efficiency for sustainable development. In 
summary, the organisations responsible for planning systems for environmental management, including 
the clients of HR Wallingford, have expressed a need for hydroinformatic systems, and have 
effectively confirmed the hypotheses that these systems are needed to manage the information which 
supports the decision making process, especially in situations characterised by the complexity of the 
megacities.
' The World Bank’s Information for Development Programme http://www.worldbank.org/infodev/backgrou.html 
 ^Inter-American development Bank’s Informatics 2000 initiative http://www.iadb.org/exr/english/index english.htm 
 ^Council of the European Union User Friendly Information Society http://ue.eu.int/index.htm
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In the following document the applicability of the concept of clean technology to systems for the 
management of wastewater is first elaborated upon, and the historical origins of the accepted paradigm 
are considered. The significance of the decision making process and especially the flow of information 
which guides the implementation of systems of urban infrastructure is emphasised, and its role in 
encouraging clean technology and in turn sustainable development is promoted. The location of this 
flow of information is thus seen as crucial, and systems with the potential to influence this flow are 
discussed. The inherent uncertainty and complexity of this information is shown to necessitate 
decision support systems incorporating artificial intelligence. A prototype is presented to show how 
data is processed to provide information to a decision maker, and one method for dealing with 
uncertain information is described. Finally, the need to deal with an increasing number of stakeholders 
with differing opinions is expressed, and the potential of techniques of multiple criteria decision 
making to deal with these discussed.
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2 CLEAN TECHNOLOGY AND WASTEWATER MANAGEMENT
2.1 HOW WASTEWATER MANAGEMENT HAS EVOLVED AS A DISCH>LINE
The Europeans of the nineteenth century were probably the first to recognise and attempt to remedy the 
threat to the health of the community from unsanitary conditions in urban areas from which wastewater 
was not removed, and the need to exclude the wastewater from the human environment facilitated the 
use of pipes. With the onset of the industrial revolution, urbanisation occurred at rapid rates, 
comparable with those which are contributing to the growth of the megacities today, and sewer 
networks evolved. They were subsequently used to collect the wastewater produced by the new 
industries along with domestic wastes, and the effluent from these pipes was allowed to drain into 
water bodies, impacting the aquatic environment. Only years later was the effect of dumping 
wastewater into the aquatic environment realised. By the middle of the nineteenth century river 
pollution had become a serious threat to public health, and Johnstone and Horan (1996) report upon 
how the setting up of two Royal Commissions on River Pollution eventually led to the Public Health 
Act 1875 and the Rivers Pollution Prevention Act 1876. Although the latter recommended sewage 
treatment processes it was not until the Royal Commission on Sewage Disposal completed its reports in 
1915 that there was documented reference to any form of remedial treatment to be applied to the waste 
stream prior to its wider dispersal.
The accepted paradigm for the management of wastewater was thus established as pipe it away, treat it 
and dump it, and it remains to this day. At the time it was established, little was understood about the 
fundamental physics and chemistry of the subject, and practically no applicable microbiology had been 
discovered. Therefore, there is debate as to whether these prevailing practices represent the most 
sustainable or practical way of doing things. The criticism applies not only to the engineering aspects 
of wastewater management, but also to the fiscal, societal and environmental.
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2.2 A NEW PARADIGM GROUNDED IN CLEAN TECHNOLOGY
Clift (1995) defines clean technology as a means of providing a human benefit which, overall, uses less 
resources and causes less environmental damage than alternative means with which it is economically 
competitive, and the concept lends itself well to the process of wastewater management. Consider the 
human benefit which it brings. Primarily, in the domestic context at least, sanitation measures are 
applied to remove or exclude faecal matter and other wastes from the immediate environment to 
prevent the spread of disease. Once these wastes have been collected they are then treated to the extent 
that they can be returned to the environment with acceptable environmental impact and minimal impact 
on health. These objectives can be achieved in more ways than one, and conventional water-borne 
sewerage, widely thought to be the best available alternative, is by far the most expensive option; See 
UNCHS (1986).
The environmental impact of conventional waterborne sewerage is also far greater than that 
conventionally attributed. It is fruitful to take a life cycle approach, whereby a system is viewed from 
‘cradle to grave’ and its associated impacts in terms of resource consumption and waste production are 
compared. Besides the impact of the effluent from a wastewater treatment plant on a receiving water 
body, a major additional burden of the wastewater management process is the consumption of non­
renewable resources in the production of energy for pumping and treatment of the wastewater. This is 
much increased by the use of large volumes of clean water as nothing more than a medium for the 
transport of waste, and in turn by the processes used in treatment of this water to a standard fit for 
human consumption. Gumbo (1998) introduces the idea of wasted water.
A solution to this problem is provided by an idea fundamental to the concept of clean technology, 
namely that of waste-streaming. This is the separation at source of different kinds of waste into 
exclusive streams, such that they either remain a resource which can be cascaded and used elsewhere, 
or can at least be treated more efficiently before being dispersed into the wider environment. Since 
conventional practice is to collect all the liquid wastes produced in an urban area (including stormwater 
in combined systems) together in a single collection system, it requires that the treatment process at a 
downstream plant is able to cope with a diverse range of wastes and with widely varying rates of flow. 
In many cases, the heavy metals and toxins found in industrial waste and stormwater actually inhibit 
the biological treatment processes used to deal with domestic wastes. These practices are inefficient, 
and the implementation of clean technology will comprise a new paradigm involving the separate 
collection and treatment or re-use of these waste streams. Winblad (1996) defines waste streaming in 
this context as ecological sanitation, the first principle of which is “Don’t mix!” The maxim applies to 
human urine and faeces, human excreta and water, black water and grey water, household wastes and 
industrial wastes, and wastewater and stormwater.
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Additional burdens are created when these large volumes of wastewater are transported over long 
distances due to the prevailing preference for large scale centralised systems. Gumbo (1998) describes 
innovative technologies in accordance with the clean technology concept, involving short cycles of 
water use incorporating treatment or recycling at source, waste minimisation and non-mixing systems 
which direct urban flows to their most favourable or desirable sinks. A prerequisite is the 
decentralisation of the urban drainage system into neighbourhood and on-site systems and the 
consequently establishment of shorter, circular or looped systems. It is notable that by its very nature 
water is re-used time and time again, unlike the majority of material flows in industrial processes, and 
so the key opportunity for beneficial change is in introducing these kinds of efficiencies into the prior 
closed loop.
The increasing decentralisation of urban societies is recognised by Kalbermatten and Middleton (1998) 
who postulate that the city of the future will be a city of neighbourhoods, within which communities 
will administer their own services. This ‘urban renaissance’ will include the provision of water supply, 
sanitation, solid waste and storm drainage services by neighbourhood or by combination of 
neighbourhoods. The emphasis will be on resource conservation and recycling and on the synergy of 
services. Urban governments will adopt the role of regulators, responsible for overall guidance and co­
ordination, and ensuring the representation and equitable treatment of all stakeholders. In these 
conditions, the need to manage the flow of information which is used in the planning of these services 
will become even more important, and the potential contribution of clean technologies to sustainable 
urban development will need to be highlighted.
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3 THE PLANNING OF INFRASTRUCTURE FOR WASTEWATER MANAGEMENT
3.1 PROBLEMS WITH THE CURRENT APPROACH
There are numerous ways in which clean technologies can be applied to the process of wastewater 
management to help bring about sustainable development of urban areas, and though the majority are 
not reliant on emergent scientific principles, their use has been limited through a combination of 
factors. According to a number of researchers, including Parr and Horan (1996), the reasons for which 
more sustainable clean technologies have not been implemented or even considered in the past are less 
attributable to technical difficulties and economic problems than to a low level of familiarity with the 
available alternatives at the decision making stage. Inappropriate choices have been made before any 
design or construction has taken place, and it has been noted by Ludwig et al (1992) that those 
presently making decisions at the technical level in the majority of developing countries are 
economists. As a result, since economics has in many circles come to be synonymous with finance, 
though the economy is defined as the concerns and resources of a community, decisions are made on 
financial grounds alone. There is often a failure to consider all of the factors relevant to wastewater 
management and the protection of water resources, and this is in part attributable to the problems of 
gathering the diverse and disparate range of information necessary.
Essentially, the introduction of comprehensive and holistic approaches to the planning of infrastructure 
investments are required, together with systems for managing the complex flows of information. In the 
cities of neighbourhoods described previously, planning decisions will be made at both central and 
local level, and if clean technologies are to be encouraged decision makers need to become familiar 
with all of the possible options and with the wide range of factors affecting their choice.
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3.2 CHECKLIST BASED APPROACHES TO PLANNING
3.2.1 A CHECKLIST FOR THE SELECTION OF APPROPRIATE WASTEWATER
TREATMENT STRATEGIES
One approach used to try to influence decision makers has been the development of checklists to help 
them lay out the required information in a concise and readily usable way, covering all relevant issues. 
Parr and Horan (1996) describe a series of case studies to investigate processes used in the selection of 
appropriate wastewater treatment strategies. They outline a situation of significant environmental 
degradation due to inadequate wastewater management and identify a piecemeal development pattern 
with little co-ordination. They advocate the adoption of a broader approach, with a view that many 
aspects of a community and its evolution have an influence on the overall sustainability of proposals 
for wastewater management. Those aspects which need to be considered are divided into five areas, 
namely economic factors, institutional capacity, technological factors, environmental factors and 
social factors, and these are organised into a checklist.
3.2.2 A CHECKLIST BASED APPROACH TO THE MANAGEMENT OF WATER 
RESOURCES
An even broader approach is taken throughout a document produced by the European Commission 
(1998). “The management and development of water resources: A strategic approach" also adopts a 
checklist methodology but is aimed at four focus areas of application. These are Water Resource 
Assessment and Planning (WRAP), Basic Water Supply and Sanitation (BWSS), Municipal Water and 
Wastewater Services (MWSS) and Agricultural Water Use and Management (AWUM). The European 
Commision (EC) translate the core principles set out in Chapter 18 of Agenda 21 into a set of policy 
principles applicable at the programming and project level, and these are divided into six groups. 
These are institutional and management principles, social principles, economic and financial 
principles, environmental principles, information, education and communications principles and 
technological principles.
These policy principles could be said to equate to Parr and Horan’s division of factors to consider, 
though the latter do not explicitly mention information, education and communications principles. The 
presented checklist is intended to be used in a structured way, alongside the EC’s established Project 
Cycle Management (PCM) procedure illustrated in Figure 1 over the page, and it is structured in such a 
way that the user is required to move through each focus area in turn, looking at each of the policy 
principles, the associated key issues and the possible responses. Throughout the checklist are 
suggested aids for the application of the strategic approach. These include particular documents, 
techniques and procedures, and these are further elaborated upon in a subsequent part of the guidelines, 
ranging from a description of how to carry out stakeholder analysis or social impact assessment to 
references to more substantial documents.
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Programrnini
Evaluation Identification
Implementation Formulation
Financing
Figure 1: The European Commission’s project cycle management procedure
3.2.3 A CRITIQUE OF PLANNING CHECKLISTS
There is considerable difference between the two methodologies described. The scope of the EC 
document is obviously much greater but it also adopts a far more structured procedure, with more 
specific questions. Compare Parr and Horan’s factors to consider with respect to Institutional Capacity 
(p.48) and those set out by the EC under the focus area of Municipal Water and Wastewater Services 
and within the Institutional and Management Principles (p. 126). Parr and Horan require a decision 
maker to look at:
“the existing roles and responsibilities for organisation and management, the relationship between 
departments and the level o f staffing" and its effect upon “the ability and willingness to expand and 
cope with change, the viability of certain treatment options and requirements for staffing and 
training. "
In contrast, the EC document suggests to the decision maker that:
“Effective inter-agency and inter-sectoral planning should be facilitated by the project. Therefore 
examine (the following key issues):
• Have all municipal institutions likely to be associated been identified?
• Have clear roles and mandates been established for all involved parties?
• What co-operation mechanisms are in place for inter-agency co-operation?
• What decision making mechanisms for urban planning and water issues exist within the municipal 
Board or Council?
• Define the roles and responsibilities of all involved parties, and allocate their tasks.
• Identify institutional deficiencies and address them through restructuring.
• I f  co-operation mechanisms are not adequate with regard to urban and water planning, 
recommend improvements.
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Though there are certainly parallels, the EC offers specific questions intended to act as a catalyst in 
encouraging an inquisitive mode of project development. Though undoubtedly of sufficient detail to 
spur the memory of an experienced engineer, Parr and Horan’s checklist may be vague enough to lead 
to only partial coverage of the considerations apparent to the authors if used by a less experienced 
person.
Of the two checklist based methodologies, the EC Guidelines offer the broadest scope and the most 
comprehensive coverage, and will best serve to encourage integrated and holistic planning. The 
structure offered by their integration with the established PCM procedure provides familiarity to those 
previously involved with EC projects, and suitable guidance for those with less experience in project 
planning and management. In addition, the referral to other tools, techniques and references employed 
to aid the decision making process encourages one whereby the required information is laid out in a 
concise and readily usable way.
The advantage of using a checklist is that all relevant issues are addressed and planned in a coherent 
manner. Users can check that all elements of project design have been addressed, and can determine 
whether further research is necessary. The transparency of the approach enables users to review 
whether or not sustainability has been factored in sufficiently, and also to evaluate programmatic 
partnerships, structures and reporting mechanisms. It is important that the methodology is non- 
prescriptive, such that a questioning mode of project development is facilitated. Sensitivity to 
changing trends, the local variety of economic, social and environmental circumstances, and especially 
the input derived from stakeholder and user participation should be reflected in the decision making 
process.
It is intended to retain the advantages of the checklist style approach in the development of a 
computerised decision support system, while simultaneously introducing enhancements through the use 
of AI and techniques for dealing with uncertainty. This is apparent fi’om the format of the prototype 
outlined in Section 5. The structure of a typical decision support system and a history of the 
development of such systems, describing foundations in such checklists, are discussed in the following 
section.
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4 DECISION SUPPORT SYSTEMS
4.1 THE NEED FOR HYDROINFORMATICS
The decision-making process which underpins the planning and management of systems of 
infrastructure for the protection of the aquatic environment is a complex one, requiring the synthesis of 
information from a large number of disciplines. Numerous attempts have been made at improving the 
situation through the use of what might be described as decision support tools. Documents such as 
those produced for the World Bank by Palange and Zavala (1987) have tried to set out all the issues 
that need to be taken into account and the checklists described in the preceding section have offered 
guidelines on how to come to an optimal choice. Flowcharts have also been developed in a valid 
attempt to simplify matters. One example is that developed by Kalbermatten, Julius and Gunnerson
(1980) for the selection of on-site sanitation technology. From these have been derived rule bases, 
composed at their simplest of IF...THEN rules. The decision making environment has increased in 
complexity in most areas of application including wastewater management, to the extent that a whole 
new breed of so-called decision support systems (DSS) have been developed, with varying capabilities 
for dealing with uncertainty, and incorporating these rule bases and checklists. These systems can be 
considered applications of hydroinformatics, a hybrid discipline that deals with information flow 
related to the aquatic environment. The practitioners of this discipline research and use developments 
in information technology, from real time sensors to artificially intelligent programs, for dealing with 
the management of aspects of our aquatic environment.
4.2 THE REQUIREMENTS OF A DECISION SUPPORT SYSTEM
Haagsma (1995) sees that decision support is a necessity for water managers, and recognises that the 
field requires knowledge from many disciplines. In addition, he sees that decisions are commonly 
politically driven, and subsequently that subjective information has considerable influence upon the 
decision making process. Consequently, the aim of a DSS is to ensure that all of the necessary 
information is accessible to those involved in the process, so that objective decisions can be made 
wherever possible. Fedra (1995) also recognises this, and proposes that better, more useful information 
needs to be made available and effectively integrated into the otherwise economically or socio- 
politically determined decision making process. Rather than seeking to minimise the influence of 
subjective information without siginificant justification, it is a feature of this work that the use of 
subjective information is recognised as inevitable, and that the challenge is to increase the transparency 
of the decision making process such that all those involved are accountable for their actions. Methods 
which might help to achieve this are being investigated, and these are reviewed in Section 6 .
The integration of external sources of data is important since for any real-world problem information 
will come from numerous sources, in different formats and with different quality, and the integration of 
these sources into one unifying information system requires tools to extract and filter, adapt and often
13
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interpret the original data. Essentially, data is processed to provide information. A typical structure is 
highlighted in the conceptual DSS provided by Haagsma (1995) in Figure 2 below.
DSS
mathematical 
programming 
knowledge bases
mathematical and 
physical modelsdata-bases
optimisation search retrieve simulation
DATA
Interpretation
Output Input
Stimulus Question
Water ManagerINFORMATION
Action Stimulus
Input OutputLocal Water Resources System
Figure 2. Concept of a decision support system for water resources management adapted from Haagsma (1995)
Watkins and McKinney (1995) broadly define a DSS as an integrated, interactive computer system, 
consisting of analytical tools and information management capabilities, designed to aid decision 
makers in solving relatively large unstructured problems. There appears to be little consensus amongst 
the practitioners of hydroinformatics as to the most suitable form for a DSS to take, but Jamieson 
(1994) promotes the idea of a seamless computerised system in which modelling and optimisation 
techniques are relegated to become an analytical kernel wrapped within a user friendly shell. Though 
the use of computational simulation models can add to the quality of the decision making process, there 
is a body of opinion which suggests that the results of these tools commonly carry more weight than 
they warrant. Simulation models played a seminal role in the growth of hydroinformatics, and they 
have remained at the heart of most water resource DSS, but the increased complexity of these widely 
used analytical tools has brought about the need for other technologies to be integrated into the DSS. 
Watkins and McKinney (1995) take a radical position, suggesting that DSS can be characterised as 
systems which sacrifice modelling at the scale of physical processes for the sake of remaining useful 
for decision making.
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4.3 THE IMPORTANCE OF HUMAN JUDGEMENT IN DECISION MAKING
The use of DSS serves to remove computer intensive processing tasks from the decision making 
process, thereby freeing the decision maker to consider abstract issues, to direct the overall decision 
making process and to provide feedback based on intuition and professional judgement. Retaining 
these abilities is fundamental since however extensive the range of techniques available to the decision 
maker, and however seamlessly integrated they are into hydroinformatic systems, they will be of little 
real use without the additional qualities offered by human judgement.
Accepting this, there appears to be insufficient consideration in the design of DSS for the nature of the 
decision making process. Davis and Hall (1998) reveal how DSS have failed in the past because they 
are culturally incompatible with the organisation in which they are applied, and are not accepted by 
their users. They go on to state that worth wile decision support tools must be founded on an 
understanding of the problem domain to which they are to be applied. Abbott and Shipton (1996) add 
that care needs to be taken to introduce hydroinformatic tools into the decision making process in a 
manner that will build consensus and confidence in their predictions amongst the stakeholders.
It is thus important that any system to be developed on the basis of the structure described previously in 
Figure 2 takes account of the processes used to interpret and present the available information in the 
existing decision making process, with particular regard to the inherent uncertainty. For this reason the 
use of KBS to capture heuristics and other representations of knowledge forms a major part of this 
work.
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4.4 THE INTELLIGENT DECISION SUPPORT APPROACH
In their review of hydroinformatics, Price, Ahmad and Holz (1998) report that software developers and 
managers in hydraulic, hydrological and water resource management adapted techniques of software 
engineering for problems related to the management of the aquatic environment and that the 
subsequent growth in the use of graphical user interfaces to form advanced human-computer interfaces 
signalled the emergence of hydroinformatics.
The most recent stage in the development of hydroinformatics has been the increased incorporation of 
artificial intelligence (AI), and in particular knowledge based systems (KBS) to allow for the explicit 
representation of heuristic knowledge, to include reasoning strategies to search this knowledge and in 
turn to allow for explanation strategies to be included. AI is seen to significantly increase the capacity 
of DSS to enhance human creative and analytical thinking. Price, Ahmad and Holz (1998) report that 
KBS, sometimes referred to as expert systems, have had more impact on engineering sciences research 
than any other branch of AI and a number of systems developed over the last twenty years are 
described, from the Sewerage Rehabilitation Planning Expert System (SERPES); see Ahmad, Holmes- 
Higgin, Hornsby and Langdon (1988) through to Q2X for the prediction of algal growth in storage 
reservoirs; See Ahmad (1989).
Price, Ahmad and Holz (1998) suggest that a hydroinformatic system that provides intelligent advice 
requires the functions outlined in Table 1 below, and this is concordant with the so-called intelligent 
decision support approach introduced by Simonovic and Savic (1989), which combines engineering 
expertise, a systems approach, computer graphics and AI.
Function Software System
Access Rules and heuristics Knowledge Based Systems
Electronic documents Full Text and Hypertext Management Systems
Network-specific data Geographical Information and Database Management Systems
Model Complex Networks Network Simulation Systems
Audit Modelling Effectiveness Workflow Tracking Systems and Report Generating Systems
Sensitivity Reliability Analysis Risk Analysis Systems
Table 1. Functions performed and software required for a hydroinformatic system from Price, Holz and Ahmad (1998)
Ahmad (1997) describes an example of an intelligent decision support system in SafeDIS, which 
incorporates rule bases, a chronology of tasks performed and decisions made by the user as a basis for 
an audit, links to the internet and text analysis software systems and interfaces to simulation modelling 
systems for sewerage networks and risk analysis software. The system was grounded in WRc’s 
Sewerage Rehabilitation Manual, and the expert knowledge encapsulated in this document was 
elaborated upon by interviewing experts in sewerage rehabilitation from a group of participating 
companies, to produce a knowledge based system.
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The role of KBS in decision making is particularly significant. In water resources, fundamental 
principles are scarce and structured and procedural decision making is almost impossible. Under these 
circumstances experience and judgement become increasingly important. Heuristics can compensate 
for a lack of complete theory and allow a decision maker to make educated guesses, and the ability of 
KBS to organise and structure this kind of knowledge is becoming increasingly important. As Price, 
Holz and Ahmad (1998) identify, the developers of both simulation systems and AI systems have 
neglected the societal and linguistic aspect of human knowledge, and have relied on a single expert and 
a highly encrypted representation of knowledge. They suggest that more recent systems are beginning 
to deal with these issues, and are thereby contributing to the emergence of hydroinformatics and in turn 
to more effective decision support.
4.5 A NOVEL APPROACH: HYDROINFORMATICS AND SUSTAINABILITY
The key to the adoption of an inclusive approach to the planning of systems of infrastructure for 
wastewater management and for the protection of the aquatic environment is the provision and 
management of the information necessary to support the decision making process. Given the 
complexity of the systems under consideration and the levels of uncertainty and incomplete information 
anticipated in the urban areas of the developing countries of the world, the use of hydroinformatics for this 
purpose is considered essential.
Here, in essence, is the unique nature of this project. Hydroinformatics does not inherently address the 
question of sustainability, and those involved in the planning of urban infrastructure for the protection 
of the aquatic environment appear to make limited use of information technology. Through applying 
hydroinformatics to the sustainable management and protection of the aquatic environment in urban 
areas and effectively synthesising these fields, it is hoped to improve the planning of the systems 
described.
17
5.1
Appendix C4: EngD in Environmental Technology 24 Month Report
THE DEVELOPMENT OF A PROTOTYPE SYSTEM
THE ANIMATION OF A PAPER KNOWLEDGE BASE
In order to retain the holistic approach advocated previously, while seeking to enhance the benefits of 
the non-prescriptive checklist approach described, Parr and Horan’s (1996) paper checklist of 
appropriate factors to consider has been encapsulated in a hypertext system, and in accordance with the 
classification provided by Ahmad, Holmes-Higgin, Hornby and Langdon (1988) has consequently been 
animated. The context in which the term is used is illustrated in Figure 4, which describes the process 
of knowledge formalisation and acquisition for expert systems. To the extent that a checklist can be 
considered an expression of one form of expert knowledge, its encapsulation in a hypertext system can 
then be thought of as its animation.
Case Studies Video Tape Experts
InspectsUses Analyses
Refers to
Knowledge
Engineer
Domain
Expert
Paper
Knowledge
Expert
System
Refers to
StudyProduces
Analyses
NovicesInterview
Transcript
Textbooks
Manuals
Formalisation InspectionElicitation
Figure 3. Knowledge formalisation and acquisition for expert systems from Ahmad et al (1988)
To illustrate how this prototype system will serve to situate tools and models within this holistic 
framework, thereby retaining Jamieson’s (1994) notion of an analytical tool wrapped within a user 
friendly shell, links are provided to:
• A model for the estimation of both quantity and quality parameters in the face of uncertainty using 
the theory of fuzzy sets
• A knowledge base for classification according to two quality parameters
In order to satisfy the demands for more useful information to be made available and effectively 
integrated into the decision making process, a system of the type illustrated in Figure 4 was specified, 
able to process data to provide information.
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DATA —
Spatial Data 
Socio-Economic Data 
Quantitative Data - 
Qualitative Data -
PROCESS
"► Fuzzy Algorithm
"► Inference Algorithm
INFORMATION
—►  Quantity Variations
Quality Variations 
^  Classification
Figure 4. An illustration of how the developed prototype fits with the specification of Haagsma (1995)
The programs used to process the data are accessed intuitively through the author’s web site; See 
Figure 5. The importance of the human decision maker within the overall system has been established, 
and as such the quality and ease of use of the part of the DSS through which the decision maker 
interacts with the system and which serves to integrate the information provided by the embedded 
programs is paramount. Given the author’s lack of experience in software development and the limited 
resources available to the project, a browser interface has been employed. This form of technology is 
becoming increasingly familiar to a large number of users as access to the internet continues to grow, 
and as such the accessibility of the system is increased and the provision of information to decision 
makers is facilitated.
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Figure 5. Access to the animated checklist for the planning of urban infrastructure development
19
Appendix C4: EngD in Environmental Technology 24 Month Report
Where the animated checklist suggests that a decision maker should consider wastewater 
characteristics in order to plan sustainable infrastructure for protection of the aquatic environment, a 
link is provided to an estimation model, and this is illustrated in Figure 6  below.
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Figure 6. Access to a model for the estimation of wastewater characteristics
Data stored in a geographical information system is pro-actively selected by the user according to their 
current area of interest, and is then passed automatically to an algorithm; See Figure 7. The algorithm 
used to process the transferred data employs Zadeh’s (1965) theory of fuzzy sets to provide both 
quantitative and qualitative information to the user on the basis of the socio-economic data provided; 
See Figure 8 . The methodology is described in Section 5.2.
Software Employed: ,,
• The user interface to the prototype system was produced using the editing facilities provided by Netscape Navigator.
« H The data was stored in the Mapinfb Professional Geographical Information System, and was processed in Microsoft's
spreadsheet package Excel using menus created in Microsoft Visual Basic for Applications, : •
• Decisioneering’s Crystal Ball package was used to develop a stochastic approach to the management of uncertainty, 
where the Monte Carlo method was employed.
•  The knowledge based system developed to classify rivers according to their water quality was implemented in CLIPS, 
an expert system shell developed by NASA.
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Figure 7. User selected data is transferred from a GIS to an algorithm
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Figure 8. The transparent algorithm used to provide information to the user
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5.2 AN APPROACH TO DEALING WITH UNCERTAINTY
In the developed model, domestic wastewater characteristics and flows are estimated on the basis of 
household income, population density and area. The data is taken from a paper by Campos and von 
Sperling (1996) describing work carried out in Belo Horizonte, the fourth largest city in Brazil, while 
its methodology employs Zadeh’s (1965) theory of fuzzy sets and is based on that used in the 
estimation of traffic noise by Cammarata and Fichera (1995). Rules were derived from the data 
provided by Campos and von Sperling using linear regression, such that linear relationships between 
income, wastewater production and BOD load were developed. Two of the six relationships are 
shown in Figure 9 below. Each of the points represents the mean values for one of seven regions into 
which the city is divided.
y = 10.265x + 53.532 
R^= 0.9487
y = 4.8869x + 23.128 
R^= 0.9512
LOW INCOME LOW INCOME
I ° fI  '-C f  100
0) 3  s.
m :
income (No. of min. salaries) Income (No. of min. salaries)
Figure 9. Linear regression used to derive relationships between three variables
The fuzzy sets used to describe low, medium and high income are set out in Figure 10 below. Here 
they were derived in an arbitrary fashion, but could quite feasibly be discussed by a group of decision 
makers and built on the basis of their opinions. A body of work on voting logic has emerged and it is 
intended to investigate its feasibility in this area of application.
INCOME: FUZZY SET DISTRIBUTIONS
INCOME (No of minimum salaries)
1.20 1
1.00
S: 0.80
cc 0.60
MEDIUMS  0.40 INCOME HIGH
INCOMELOW0.20 INCOME
0.00
0 5 10 15 20 25
Figure 10. The fuzzy sets low, medium and high income
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A form of fuzzy inference was used to build the model, whereby:
If Xi is Ai and X2 is A2 and... and x„ is A„ then y = g(x%, X2,....x„)
Where: y is the variable whose value is inferred;
Xi, X2,..., Xn are the variables that determine the y value;
Ai, A2, ..., An are fuzzy sets, with piecewise linear membership functions, defined on the Xi, 
X2, ..., Xn variables;
g ( .) is a function that implies the value of y;
Xi is Ai means Xi belongs to the frizzy set Ai.
For each implication the output value is computed as:
y  =  g ‘ (Xi®, X2®, ...,X n® )
where (xi®, X2®, ..., x^) is the actual input vector.
The truth value of this output can be obtained by using a generalisation of the modus ponens criterion, 
where the consequence of a fuzzy rule is as true as its antecedent. In this case each rule has a truth 
value:
ly = yi = min(^'i(xi°), |X*2(X2°),..., M-n(x„®)) 
where 1*1 means the truth value of proposition *.
Finally, the output is computed as:
y = ZIy = y i . y* / ZIy = ÿl
where the summation is extended to all rules that make up the fuzzy algorithm.
In the case of the model developed to estimate wastewater flows and BOD loads, the following 
variables were used.
Xi = monthly household income (number of minimum salaries)
X2 = population density (persons / km^) 
yi = peak flow (m  ^/ s) 
yi = BOD load (kg / day) 
y3 = total flow (m  ^/ day)
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The outcome of the model obviously depends upon the fuzzy sets contained in the rule premises and on 
the polynomials of the associated consequences. Cammarata and Fichera (1995) describe an 
optimisation strategy which can be used to determine the fuzzy model in detail but in this case the 
fuzzy sets are defined arbitrarily and the rules derived from the limited data set of Campos and von 
Sperling (1996) and from the UNCHS (1986).
The truth value or membership function of each rule is calculated, and is shown in the WEIGHTING 
column of Figure 8 . It can be seen that rules five and eight fire in this case, with corresponding truth 
values of 0.41 and 0.10, the minimum membership function of the two variables, INCOME and 
POPULATION DENSITY in each case. Thus the estimates are produced by dividing the sum of the 
product of the calculated values and their truth values by the sum of the ti ulh values. Unfortunately, in 
this case it is not possible to verify the methodology through comparison of the results with measured 
data. However, should the algorithm subsequently be adopted to process data in a case study, it will be 
thoroughly tested.
5.3 THE INCORPORATION OF A RULE BASED CLASSIFICATION SYSTEM
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Figure 12. Access to a knowledge based system for water quality classification
The second of the resources for the processing of data which have been integrated into the prototype 
system described is a knowledge based system (KBS) for the classification of surface waters according
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to their quality. A paper knowledge base derived from experts in ecological habitat and formalised in 
UK legislation was encapsulated within an expert system shell, using a so-called knowledge 
representation schemata comprising production rules of the IF...THEN type. The shell contains an 
inference engine, and once furnished with a knowledge base by a developer is able to request data from 
a decision maker and on the basis of heuristics encoded in the knowledge base to infer information and 
report this to the decision maker.
In this case, on the basis of just two water quality parameters, namely biological oxygen demand 
concentration and ammonia concentration, the suitability of a given stretch of water to support certain 
fish species is estimated. A typical dialogue is illustrated in the Figures 12 and 13 below, and the 
related computer code is stored in Appendix I. The black-on-white text to the left of the dialogue box 
shows the facts asserted within the working memory and the rules which are being fired as the 
questions proceed, and effectively offers insight into how the inference engine works.
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Figure 12. A typical dialogue box requesting information from the user
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Figure 13. Information is provided to the user once inferred from the knowledge base
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Despite the fact that the knowledge base is very simple at present, its modular structure ensures that 
unlike a conventional procedural program it can be expanded simply by adding more rules. The fact 
that the inference engine is retained separately means that the running of the program is not affected. 
Knowledge based systems can have simple beginnings and be expanded incrementally.
With this in mind, contact has been established with several people experienced in the planning of 
urban infrastructure with a view to elaborating on the knowledge encapsulated in the guidelines 
produced by the European Commission and described earlier. Knowledge acquisition of the type 
described in Figure 3 will be used to supplement the guidelines with practical knowledge derived from 
engineers at the International Institute for Infrastructure, Hydraulics and Environmental Engineering in 
Delft and from practitioners within HR Wallingford.
5.4 HOW THE PROTOTYPE WH.L BE DEVELOPED FURTHER
To summarise, the prototype decision support system developed shows how a number of programs can 
be integrated through a single front end to process data and provide information to a decision maker, in 
keeping with the conceptual decision support system provided by Haagsma (1995). The integration 
into this framework of sophisticated computational models of environmental systems such as those 
produced by HR Wallingford and the improved coupling of the various modules will obviously involve 
more difficult development work, but the problem is a practical one rather than a conceptual one. The 
more difficult task will be ensuring that the information provided is useful to decision makers.
Rizzoli and Young (1997) suggest that the users of DSS can be divided into three groups. The first two 
of these are environmental scientists and environmental managers. However, the third type of users are 
defined as environmental stakeholders, who wish to understand the responses of different parts of a 
system under proposed management decisions. For this type of user an important function of DSS is 
their ability to educate, demonstrate and explain. In Kalbermatten and Middleton’s (1998) 
neighbourhood orientated city of the future, mentioned previously, users of this type will occur in 
greater numbers, and so DSS will need to be effective in emphasising the potential benefits of clean 
technology and therefore in encouraging sustainable development. Abbott and Shipton (1996) identify 
the conflict in DSS between decomposing complex problems into manageable parts and the 
corresponding increase in complexity of the problem of extracting the most relevant information for a 
decision to be made, and this will become more prevalent. It is proposed that a DSS should guide a 
user through a problem analysis, and that support is necessary for posing the problem at hand and for 
disaggregating its components. This would tend to support the approach taken, which ensures that the 
components of a DSS such as databases and simulation models are used within the structure and 
context offered by an animated checklist.
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With the anticipated growth in interested parties or stakeholders in environmental systems, the need to 
take account of the sometimes conflicting value sets of these stakeholders will become apparent. For 
this reason it is thought that the inclusion of an auditable decision trail will be beneficial, such that all 
stakeholders will be able to see how a decision has been reached, how models have been used to 
predict the outcomes of various actions and how subjective valuations or uncertain information sources 
have been dealt with. Such an addition will help to bring about the transparency considered 
fundamental to the decision making process. In addition, the use of computing techniques to encourage 
debate and discussion and to build consensus amongst stakeholders through the automation of the so-called 
multiple criteria decision making (MCDM) techniques is proposed, and this is discussed in the following 
section. In this project we will introduce the use of MCDM within a hydroinformatics framework and v.dth 
this combination the heuristic and didactic value of the developed DSS will be enhanced. The potential 
of DSS to generate a widely accepted and familiar format for a shared information basis, therefore 
supporting an open debate, is crucial and the fact that this open debate and in turn the involvement and 
representation of all stakeholders will improve the quality of the planning process is beyond doubt.
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6 THE REPRESENTATION OF ALL STAKEHOLDERS
6.1 MULTIPLE CRITERIA DECISION MAKING
At its simplest, planning or decision making comprises the choice of one option from a range of 
alternatives, according to the ability of the available options to satisfy given criteria and to remain 
within given constraints. Until fairly recently, potential developments or investments in urban 
infrastructure have commonly been evaluated on the basis of a single criterion, if at all, and usually a 
financial measure such as net present value. However, the need to take into account a broad range of 
factors has been outlined, and a preferable approach is one that will allow consideration of non- 
commensurate criteria. This will be more representative of the reality of infrastructure planning, 
carried out to satisfy several criteria determined by the needs of the various stakeholders.
Multiple criteria decision making (MCDM) techniques provide a framework to integrate and 
incorporate the information available to decision makers with the values of the stakeholders to examine 
the overall implications of alternate scenarios. They were developed in the field of operations research, 
with contributions from social psychology, regional science and business management, and are 
characterised by great methodological diversity, with three main groups of techniques. Multiple 
attribute utility techniques are those which rely on linear additive or simple multiplicative models for 
aggregating single criterion evaluations and are not suitable for the analysis of complex environmental 
systems where numerous incomparable elements are present. Secondly, mathematical programming 
techniques are used. An example of the latter is compromise programming, whereby solutions are 
evaluated according to their distance from some ideal solution, measured by what is referred to as the 
distance metric, essentially a function of the criteria determined to be important by the decision 
makers, the relative importance of these criteria and the importance of the deviation from the ideal 
solution. This technique has been applied to the urban planning environment by Tkach and Simonovic 
(1998). A third group of techniques are described as outranking techniques, which require pairwise or 
global comparisons among alternatives, and these are discussed in the following section.
Much of the recent work on MCDM has been geared towards the implementation of strategies for 
sustainable development and this has meant that consideration for the long term implications of 
projects to environmental and social systems has become more prominent within the decision making 
framework. One methodology which has stemmed from this source is Fleming and Daniell’s (1996) 
Matrix for Evaluation of Sustainability Achievement (MESA). This is an extension of the widely used 
Analytic Hierarchy Process.
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6.2 THE ANALYTIC HEIRARCHY PROCESS: AN OUTRANKING TECHNIQUE
The Analytic Hierarchy Process (AHP) first set out by Saaty (1980) is presented as a decision making 
methodology able to deal with the subjective along with the objective and the qualitative along with the 
quantitative. According to Banai-Kashani (1990) many other methods are ill-equipped to deal with the 
uncertainty of the planning environment and the subjectivity of human decision makers. Essentially, 
the AHP involves the specification of a set of criteria or objectives which need to be satisfied, and a set 
of alternative plans. The alternatives are evaluated according to each objective by pairwise comparison 
to produce a matrix and from this the ability of each alternative to satisfy the various objectives is 
derived. These objectives are organised into a hierarchy, the top level objective being satisfied by 
those in the next level and so on.
Numerous applications of the AHP are evidenced in the literature, encompassing vastly different fields 
of interest ranging from international conflict resolution to forest planning. Tang, Wong and Ellis
(1997) present an application of the AHP to the selection of wastewater treatment alternatives. In their 
introduction, the authors describe how previous models used in this particular application have failed to 
consider objectives other than minimising financial cost, and have been carried out at a micro level. 
The AHP is presented as a technique which allows for the consideration of environmental, social and 
cultural factors together with the motivation, abilities and discipline of the personnel who construct, 
operate and use the plant.
6.3 A CRITIQUE OF MULTIPLE CRITERIA DECISION MAKING TECHNIQUES
The major advantages of MCDM techniques are that they are logically sound, standardised and 
repeatable, and provide a transparent decision audit trail. They also provide a systematic procedure for 
comparison between alternatives under a large number of parameters, and allow for the inclusion of 
subjective and unquantifiable parameters into the decision making process.
However, when the theory is applied to a real world problem, with the accordant number of parameters, 
it soon becomes evident that the amount of data it is necessary to deal with is rather unwieldy. Sager
(1981) identifies the fact that ex ante weighting of criteria and goals has logical weaknesses which 
follow from assumptions of rational choice under uncertainty, and poses the question, “Who would 
willingly participate in the search for weights without knowing the outcome of this participation?”
Experienced planners might also argue that such techniques are too rigid and do not take sufficient 
account of the political and economic systems which impinge upon the planning process. Accepting 
these points, it is argued here that MCDM are still beneficial in that they have the potential to improve 
professional intuition and understanding between stakeholders, and to reveal dependencies and inter­
relationships within the decision making process.
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The most important quality of these techniques is the determination of .the decision objectives, the 
criteria of importance and their organisation into a hierarchy rather than the subsequent weightings 
attached to them, since the process serves to generate discussion and to highlight areas of conflict or 
uncertainty. The decision making process itself can be seen to stimulate continued communication 
between those involved in the ongoing process of infrastructure planning, and as such it has the 
potential to encourage integrated and sustainable planning of investments over the long term.
The potential of computerised systems to enable discussion and to achieve compromise or highlight 
areas of uncertainty through animation of the MCDM techniques described is a subject of the research, 
and it is envisaged that the eventual inclusion of these approaches to provide a decision audit trail and 
so to add transparency to the decision making process will be a key contribution of the research to the 
discipline of hydroinformatics.
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7 SUMMARY
Through studying wastewater management in conjunction with clean technology with particular regard 
to the related decision making processes, it has become clear that the methods of decision making used 
to plan developments in infrastructure for the protection of the aquatic environment are not clearly 
elicited. However, by analysing case studies in conjunction with experts it is possible to locate the 
flow of information which contributes to the decision making process. By subsequently influencing 
this flow of information it is hypothesised that the implementation of clean technologies and in turn the 
sustainable development of urban areas can be encouraged.
The need for an integrated approach to decision making in order to achieve sustainability has become 
apparent, and this combined with the scale and complexity of the megacities means that an enormous 
amount of information is relevant to the decision maker. The problem is one of understanding where 
data is and how to process it to provide the essential information. This complexity necessitates the use 
of information technology, and since the research is concerned with information flow relating to the 
aquatic environment, hydroinformatics. In order to deal with a decision making process characterised 
by a scarcity of procedure and dominated by experience and judgement, the use of artificial intelligence 
is necessary. In addition, the need to deal with uncertain information is paramount.
Waste streaming is an idea fundamental to the concept of clean technology, and is of particular 
relevance to systems for the management of wastewater. Different kinds of waste are separated at 
source into exclusive streams such that they either remain a resource which can be cascaded and used 
further or can at least be treated more efficiently. In this context, the practice is termed ecological 
sanitation. Its practitioners advocate the retention of separate streams of black water and grey water, 
household waste and industrial waste and wastewater and stormwater. Changes in accordance with this 
principle will introduce efficiencies through reducing the need to pump large volumes of mixed 
wastewater over long distances and through removing the need to treat these volumes to the same 
extent. Technologies of the type necessary exist, and it is fair to say that the barriers to their 
implementation are less attributable to technical problems than to a low level of familiarity with the 
available alternatives at the decision making stage, and in turn to problems caused by the complexity of 
information management necessary.
One approach to managing this information is the use of checklists to help lay out that which is 
required in a concise and readily usable way, and two of the most recent pieces of work of this type 
have been reviewed. The decision making environment has increased in complexity to the extent that 
decision support systems have evolved to ensure that all of the necessary information is available to 
those involved in the decision making process. For any real-world problem, information comes from 
numerous sources, in different formats and with different quality, and the integration of these sources 
into one unifying information system requires tools to extract and filter, adapt and often interpret the 
original data.
31
Appendix C4: EngD in Environmental Technology 24 Month Report
The use of these systems serves to remove computer intensive processing tasks from the decision 
making process, thereby freeing the decision maker to consider abstract issues and to provide feedback 
based on intuition and professional judgement; Retaining these abilities is crucial. Fundamental 
principles are scarce in wastewater management, and engineers and planners use a number of heuristics 
or rules of thumb. The ability of knowledge based systems to organise and structure this kind of 
knowledge is becoming increasingly important. This forms a major aspect of the work.
A prototype system has been developed to illustrate how data is processed to provide information to a 
decision maker. By embedding two different algorithms for the processing of data within a single user 
friendly system, which serves to situate üiese algorithms within the context of a holistic decision 
making framework, a broad approach more likely to achieve sustainable developments is maintained. 
The embedded knowledge base for the classification of river ecosystems comprises over twenty rules 
and has been verified by a number of experienced engineers both at HR Wallingford and at the 
International Institute for Infrastructure, Hydraulic and Environmental Engineering in Delft.
Besides the need to consider a broad range of issues in the planning of sustainable systems for the 
management of wastewater and the protection of the aquatic environment, it is also necessary to take 
into account the sometimes conflicting needs of the various stakeholders. Techniques of multiple 
criteria decision making have been reviewed with this in mind, and it is proposed that the development 
of a readily auditable system in conjunction with these techniques will help to establish how the 
sometimes conflicting interests of these stakeholders are resolved and may lead to greater consensus 
and collaborative decision making in the future.
The research will contribute to knowledge in the discipline of hydroinformatics through the addition of 
multiple objective decision making techniques to the suite of GIS, simulation models and knowledge 
based systems used, thereby reaffirming the importance of the decision making process. It will also 
broaden the scope of the clean technology discipline beyond the focus on the manufacturing industries 
to encompass systems of infrastructure for the service of urban communities.
The unique nature of the project lies in the fact that hydroinformatics does not inherently address the 
question of sustainability, while those involved in the planning of urban infrastructure for the 
protection of the aquatic environment appear to make limited use of information technology. Through 
effectively synthesising these fields, it is hoped to contribute to the sustainable development of the 
urban areas of the developing countries of the world.
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APPENDIX I: KNOWLEDGE BASED SYSTEM FOR RIVER ECOSYSTEM 
CLASSIFICATION ACCORDING TO WATER QUALITY 
(CLIPS CODE WITH NOTES)
T h e  first rule is u se d  to  a s k  th e  initial questio n . T h e  rule n am e  Is “w hat-do -w e-have”, a n d  th e  only 
a n te c e d e n t Is initlal-fact. T h e  rule a s s ig n s  u se r  Input to  a s s e r t  a  fact, w e -h a v e ...u s in g  th e  re a d  co m m an d .
(defrule w h at-do -w e-have 
(Inltlal-fact)
= >
(printout t "W hat d o  you h av e  a  v a lu e  for? (Biological O xygen  D em and , A m m oniacal N itrogen, Both, N either)" crif) 
(a s s e r t  (w e-have (read))))
T h e s e  four ru les a s s ig n  th e  u se r  Input v a lu e  to  th e  variab le  îs u b s ta n c e ,  using  th e  p a tte rn  binding o p e ra to r 
<-. O n e  of them  will fire acco rd ing  to  th e  Information available. T h e se  ru les will a s s e r t  th e  fac ts , have-b o d , 
h ave-am m onIa , n o -bod  or no-am m onIa, accord ing  to  th e  v alue  of th e  variab le , îs u b s ta n c e .
(defrule If-w e-have-nelther
î s u b s ta n c e  <- (w e-have N eltherlneltherlnonelN onelN In)
(re trac t îs u b s ta n c e )
(printout t "The River E co sy stem  C lassification Is 3  (default value)." crIf) 
(halt))
(defrule If-w e-have-both
îs u b s ta n c e  <- (w e-have BothlbothlBOTHIBIb)
(re trac t î s u b s ta n c e )
(a s s e r t  (have-bod) (have-am m onia)))
(defrule if-w e-have-oxygen
îs u b s ta n c e  <- (w e-have BODIbodlBod)
= >
(re trac t îs u b s ta n c e )
( a s se rt  (have-bod)(no-am m onla)))
(defrule If-w e-have-am m onia
îs u b s ta n c e  <- (w e-have A m m onlacallam m onlacallam m onlalA m m onlalnh4IN H 4lalA )
(re trac t îs u b s ta n c e )
(a s se rt (have-am m onla)(no-bod)))
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T h e  following tw o ru les a s k  th e  u se r  for th e  m e a su re d  90% lle v a lu es of e ither BOD, to tal am m o n ia  o r both, 
d ep en d in g  on w h a t th e  u se r  h a s  specified  Is availab le . A gain, th e  printout-t co m m an d  Is u se d  to  print a  
q u estio n  to  th e  sc re e n , an d  th e  read  co m m an d  to  a s s e r t  a  fac t accord ing  to  th e  u se r ’s  re sp o n se .
(defrule ge t-bo d -v a lu e  
(have-bod)
(printout t  "W hat Is th e  v alue  of BOD (m g/l)? " crif) 
( a s s e r t  (bod -value  (read))))
(defrule ge t-am m o n la -v a lu e  
(have-am m onia)
(printout t 'W h a t Is th e  v a lu e  of A m m oniacal N itrogen (m g N/l)? " crif) 
(a s s e rt (am m onla-value  (read))))
T h e  following ru les u s e  th e  te s t co m m an d  to  d e te rm in e  w h ere  th e  v a lu es  Input by  th e  u se r  lie, and  
accordingly , to  a s s ig n  a  R iver E co sy stem  C lassification on  th e  b as is  of th e  p a ra m e te r  being  c o n s id e red , 
acco rd ing  to  th e  UK legislation deta iled  In th e  S u rfa c e  W ate rs  (River E co sy stem  C lassification) R eg u la tio n s 
1994  ( s e e  handou t). If th e  te s t  ex p ress io n  re tu rn s an y  v a lu e  o th er th an  FALSE, th e  a n te c e d e n t Is sa tis fied . 
T h e  c o n se q u e n t In e a c h  c a s e  re trac ts  th e  variab le  ?num ber-g lven  an d  a s s e r ts  th e  ap p ro p ria te  c la s s  a s  an  
In teger va lu e . T h e  num b erp  co m m an d  c h e c k s  th a t th e  following variab le  Is e ith er a  float o r an  In teger an d  
re tu rns TRU E.
(defrule am  m on la -c la ss -o n e
?num ber-g lven  <- (am m onla-value  ?  am m onia) 
(te s t (<= ?am m o n ia  0.25))
(re trac t ?num ber-g lven)
(a s se rt (am o n lac la ss  1)))
(defrule am m o n la-c lass-tw o
?num ber-g lven  <- (am m onla-value  ?am m onla) 
(test (an d  (num berp  ? am m onia)
(> ? am m o n ia  0.25)
(<= ? am m o n ia  0.6)))
(re trac t ?num ber-g lven)
(a s se rt (am o n lac la ss  2)))
36
Appendix C4: EngD in Environmental Technology 24 Month Report
(defrule am m o n la -c la ss -th ree
?num ber-g lven  < (am m onla-value  ? am m onia) 
(test (an d  (num berp  ? am m onia)
(> ?am m o n la  0.6)
(<= ?am m o n la  1.3)))
(retract ?num ber-g lven )
(a s s e r t  (a m o n lac la ss  3)))
(defrule am m on la-c lass-fo u r
?num ber-g lven  <- (am m onla-value  ? am m onia) 
(test (an d  (num berp  ?am m onla)
(> ? a m m o n la  1.3)
(<= ? am m onia  2.5)))
(re trac t ?num ber-g lven )
(a s s e r t  (a m o n lac la ss  4)))
(defrule am m o nla-c lass-flve
?num ber-g lven  <- (am m onla-value  ? am m onia) 
(test (and  (num berp  ? am m onia)
(> ? am m o n ia  2.5)
(<= ?am m o n la  9.0)))
(re trac t ?num ber-g lven)
(a s se rt (a m o n lac la ss  5)))
(defrule am m o n la-c lass-u n
?num ber-g lven  <- (am m onla-value  Tam m onia) 
(test (> ? a m m o n la  9.0))
(re trac t ?num ber-g lven)
(printout t "The river Is unclassified" crif))
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(defrule b o d -c la ss -o n e
?num ber-g lven  <- (bod-value ?bod) 
(test (<= ?b o d  2.5))
(re trac t ?num ber-g lven )
(a s se rt (b o d c la ss  1)))
(defrule b od-c lass-tw o
?num ber-g lven  <- (bod-value  ?bod) 
(test (an d  (num berp  ?bod)
(> ?b o d  2.5)
(<= ?b o d  4.0)))
(re trac t ?num ber-g lven )
(a s s e r t  (b o d c la ss  2)))
(defrule b o d -c la ss -th ree
?num ber-g lven  <- (bod-value ?bod) 
(test (an d  (num ber ?bod)
(> ?b o d  4.0)
(<= ?b o d  6.0)))
(retract ?num ber-g lven )
(a s s e r t  (b o d c la ss  3)))
(defrule bod -c lass-fou r
?num ber-g lven  <- (bod-value ?bod) 
(test (an d  (num berp  ?bod)
(> ?b o d  6.0)
(<= ?bod  8.0)))
(re trac t ?num ber-g lven )
(a s s e r t  (b o d c la ss  4)))
(defrule bod-class-flve
?num ber-g lven  <- (bod-value ?bod) 
( te s t (an d  (num berp  ?bod)
(> ?b o d  8.0)
(<= ?b o d  15.0)))
=>
(retract ?num ber-g lven )
( a s se rt  (b o d c la ss  5)))
(defrule b o d -c lass -u n
?num ber-g lven  <- (bod-value ?bod) 
(test (> ?b o d  15.0))
(re trac t ?num ber-g lven ) (printout t  "The river Is too  poor In quality  to  b e  classified." crif))
38
Appendix C4: EngD in Environmental Technology 24 Month Report
T h e  following ru les u s e  th e  te s t co m m an d  to  d e te rm in e  In which of th e  tw o p a ra m e te rs  th e  river u n d e r 
consid era tio n  is w orst perform ing, an d  in keep ing  with th e  n a tu re  of th e  classification , th en  c lassify  th e  river 
on  th e  b a s is  of th is p a ram e te r . A gain, th e  printout-t co m m an d  is u se d  to  return  a  c lassification  to  th e  u se r.
(defrule b o d -b a se d
(b o d c la ss  ?o)
(am o n iac ia ss  ?a )
(test (> ?o  ?a))
(printout t "T he R iver E co sy stem  C lassification is " ? o  crif))
(defruie am m o n ia -b a se d  
(b o d c la ss  ?o)
(am o n iac ia ss  ?a )
( test (< ?o  ?a))
=>
(printout t "The R iver E co sy stem  C iassification  is " ? a  crif))
(defrule oxy
(b o d c la ss  ?o)
(no-am m onia)
=>
(printout t "The R iver E co sy stem  C iassification is " ? o  crif))
(defrule am o
(am o n iac ia ss  ?a )
(no-bod)
=>
(printout t  "The R iver E co sy stem  C iassification  is " ? a  crif))
(defrule th e-tw o -th e-sa m e 
(b o d c la ss  ?o)
(am o n iac ia ss  ?a )
(test (= ? o  ?a))
(printout t "The River E co sy stem  C lassification is " ? a  crif))
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1. INTRODUCTION: KNOWLEDGE IN HYDROINFORMATICS
In tracing the nature and origins of Hydroinformatics, Abbot (1991) catalogues the development of 
computational models over the last forty years. The first three of the five phases commonly referred to 
as the generations of these models were highly dependant on the developer’s conception of the element 
of the aquatic environment described, and as a result only the developers and their associates were able 
to use such models.
Fourth generation models consisted of simulation engines combined with graphical user interfaces and 
other software tools which enabled practising engineers as well as the developers to use the systems 
successfully, while the fifth generation were developed to provide intelligent advice to the user with the 
aid of artificial intelUgence (AI) techniques.
Hydroinformatics purports to incorporate and yet somehow go beyond this fifth generation of models, 
and according to Price (1994) is about a broad human and social interaction with ‘water based assets’. 
Hydroinformatic systems are essentially a computer based application of the information and 
knowledge structures related to these assets. He identifies the fact that many management queries do 
not require a computational model, but can be answered by reference to historic databases, legal texts, 
standards and guidelines, human expertise and so on. Decision making therefore takes place using 
collated data, information, knowledge and expertise that cover a wide variety of different aspects quite 
apart fi*om the physical aspect of the aquatic environment which is modelled.
These hydroinformatic systems will only retain a finite amount of knowledge and will therefore need to 
be dynamic. Since much of the knowledge encapsulated in these systems will be derivative from the 
users of the system, it will be important for the user to be able to modify and augment this knowledge. 
The latter becomes more difficult since as Abbott (1994) identifies, hydroinformatic systems must 
interact not only with individuals but with heterogeneous collections of individuals and groups, each 
with their own set of interests and with a corresponding set of intentions. Though these interests may 
be explicit, many will only be expressed implicitly while others may be deliberately concealed. These 
problems are intrinsic to decision support systems (DSS) of the type conceived throughout this project, 
and the methods thus far used to confront these problems, namely multiple criteria decision making 
(MCDM) techniques are, according to Abbott (1994), insufficient. He argues that MCDM techniques, 
alluded to briefly in the preceding progress report, are simply an exercise in modelling intentionality, 
and that the merging of intentions cannot be realised ethically simply by allocating static weights to 
criteria through value trees. An alternative approach to the elicitation of the knowledge and interests of 
the users and stakeholders of a system, derived from the theory of knowledge acquisition for 
knowledge based systems, a branch of artificial intelligence (AI), is described in the following section, 
while the potential for collaboration and consensus will be discussed later in the report.
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2. KNOWLEDGE ACQUISITION
Though most knowledge in the field of urban wastewater management is assumed to be available
through a range of documentation, including manuals and textbooks, a vast amount is generally
undocumented, and practitioners appear to improvise considerably and draw on their own experience in 
the majority of situations.
Knowledge engineering involves the elicitation of this experiential knowledge fi'om experienced 
practitioners. The principal sources used by the knowledge engineer are interviews and technical 
documentation. These are generally archived and explored by the knowledge engineer to elicit 
information about domain objects and the relationships between them. Techniques and tools have been 
developed to semi-automate the process of analysis of such texts, and these will be discussed in section 5.
2.1 INTERVIEW BASED KNOWLEDGE ACQUISITION
Interviewing domain experts is the only way of adequately transferring their knowledge to the 
knowledge base of an expert system. Knowledge engineers have adopted a number of interviewing 
techniques widely used by psychologists.
Ahmad (1991) introduces an interview typology for knowledge acquisition. The first of the four types 
identified is the informal or overview interview, and is aimed at familiarising the knowledge engineer 
with the domain and the particular problem of concern. The second type is tho, focused interview. This 
is normally conducted by following a pre-determined agenda, whereby the interviewee is initially 
prompted with an initial topic or question but is given a great deal of freedom of expression thereafter. 
The main objectives of the focused interview are to obtain a typology of objects and agents in the 
domain, to establish basic factual knowledge and to achieve a breakdown of the problem into its 
constituent tasks. The structured interview normally occurs well into the process of knowledge 
acquisition and is more interrogative than conversational. This is used when information is required in 
much greater depth and detail than the other techniques can offer. Finally, think-aloud protocols may 
be employed. These have their origins in cognitive psychology, whereby experts think aloud while 
solving a given problem or case study. Though it is implied that these techniques are discrete and to be 
used in sequence, each eliciting a particular type of knowledge, Ahmad (1991) warns that this method 
of application is possibly too strict and can reveal overlaps between and even reinforce the 
shortcomings of individual techniques.
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The major advantage of interview based knowledge acquisition is that the information gained is 
experiential, and as such can also be considered up to date where a text book may not be. In addition, 
one can ask questions in an interview to find the exact circumstances in which knowledge is valid. One 
of the major problems, however, is that it is difficult to validate the acquired knowledge, and that there 
is no supporting evidence for an expert’s claims. It is generally necessary to convince a user of the 
validity of the knowledge held within a system. With this in mind, there is an argument in favour of 
combining interview based knowledge acquisition with archive based knowledge acquisition, since 
published knowledge tends to have more credence. An alternative method of validation is discussed in 
section 8 .1 .
2.2 ARCHIVE BASED KNOWLEDGE ACQUISITION
Whether technical papers, manuals, standards or indeed, the transcript of an interview, the knowledge 
within a text based archive is obviously encoded in natural language. The fact that natural language is 
inherently vague and ambiguous is problematic to the knowledge engineer, since he or she needs the 
knowledge to be as unambiguous and as precise as possible. However, studies in computational 
linguistics have revealed the linguistic constructs used to encode knowledge, and the acquisition of 
knowledge from text can be viewed as a problem in natural language understanding. Thus the 
morphological, syntactic and semantic analysis of word tokens is used with a specific intention of 
extracting knowledge. Work of this type has been carried out upon the transcript of an interview 
conducted at HR Wallingford in February of this year, and this will be reported upon in detail in 
section 4 of the report.
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3. A NEW APPROACH TO KNOWLEDGE ACQUISITION: THE DOMAIN 
INTERFACE GROUP
Though Feigenbaum (1977) coined the term knowledge engineering to describe the process that created 
the first expert system at Stanford over twenty years ago, there is still no definitive knowledge 
engineering methodology, and practise has largely been driven by technology. Knowledge has been 
acquired with a view to its subsequent representation in expert system shells.
Kim and Courtney (1988) classify knowledge acquisition processes in terms of two dimensions. The 
first of these is the strategic dimension, concerned with how the knowledge acquisition process is 
driven, be it by the knowledge engineer, the expert himself or by a machine. Secondly, the tactical 
dimension is concerned with the techniques used to elicit human cognition and problem solving 
behaviour, from interviews through protocol analysis to visual modelling and so on.
Griffin (1996) suggests that conventional knowledge acquisition relies too heavily on a psychological 
metaphor, and implies that this is insufficient in broad domains where geographical and political issues 
make expertise more socially situated. Here we are talking about disciplines where consensus plays an 
important role, and that of urban wastewater management is a good example. Ford et al (1993) propose 
that different knowledge engineering strategies are required to locate personally constructed and 
socially situated expertise.
In response, Griffin (1996) presents the domain interface group (DIG), comprising members of the 
domain community. This is said to improve communication between the knowledge engineer and the 
experts, and also enables the use of brainstorming and consensus decision making. It is described as 
the first systematic use of group dynamics in knowledge acquisition. The goal of the methodology, 
like Wood and Ford’s (1993) is to provide guidelines for making interviews with an expert as 
productive as possible, and a reasonably broad conception of what constitutes interviewing is shared. 
In practice the knowledge engineer acts as a group facilitator and guides the brainstorming of the DIG 
on a range of knowledge elicitation tasks, as Figure 1 implies.
Domain
Expert
Member of 
Domain Community
Member of 
Domain Community
Member of 
Domain Community
Knowledge
Engineer
DOMAIN
INTERFACE
GROUP
Figure 1. The domain interface group from Griffin (1996)
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Griffin’s ideas employ a social constructionist metaphor, which implies that experts construct 
knowledge from their own personal experiences, whilst also interacting with their social constituencies 
(eg. supervisors, colleagues, clients and so on). Adherence to this metaphor would suggest that the 
greater the variety of sources from which the DIG is drawn the better the quality of knowledge elicited. 
The implications of this will be discussed later as we come in section 8  to the notion of the distributed 
domain interface group.
If we turn to how the knowledge acquired through these processes is subsequently represented, what is 
referred to as a mediating representation is favoured. This is a model based description of the domain 
in a form that the user can intuitively understand, such that it enables the experts, the DIG and the user 
to explore the conceptual domain model together. The key is that the model is not constrained by the 
detail of how to implement a working system as has been observed to be prevalent in the past, and as 
such the knowledge acquisition process can proceed quite naturally. The following section describes a 
practical exercise in knowledge acquisition carried out at HR Wallingford, the author acting as 
knowledge engineer and drawing upon Griffin’s ideas.
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4 A PRACTICAL EXERCISE IN KNOWLEDGE ACQUISITION
A practical exercise in knowledge acquisition was carried out at HR Wallingford early in February, and 
the approach adopted borrowed to a certain extent from that of Griffin’s (1996) methodology, 
described in the previous section. A domain expert and an interface group which effectively comprised 
three people (including the knowledge engineer) were provided with a dozen questions (see Figure 2) 
prior to a knowledge acquisition session of two hours in length. The expert was initially prompted with 
one of these questions but thereafter was given a considerable degree of freedom, in accordance with 
Ahmad’s (1991) definition of a focused interview, described in section 2. A case study typical of the 
type of problem of concern (in this case an urban wastewater treatment scheme in Portsmouth and 
Havant) was described to the DIG by one member to provide a focus for the discussion.
Klein and Methlie (1995) identify the fact that this type of loosely structured technique is best suited to 
the early phases of the knowledge acquisition process to inquire into the ‘basic structure’ of a domain. 
They see it as unsuited to the acquisition of relevant and correct knowledge, suggesting that the 
knowledge elicited is general, inconsistent, incomprehensive and imprecise.
Even so, the described use and understanding of domain specific terminology and lexical semantics in 
the acquisition of knowledge from text has proved to facilitate the process by which a general model of 
how a typical expert might perform is developed and this ‘general model’ might be equated to the 
‘basic structure’ discussed by Klein and Methlie (1995). As such, the unstructured style described still 
has considerable value.
The domain expert referred to above was Roland Price, Professor of Hydroinformatics at the 
International Institute for Hydraulics and Environment at Delft in the Netherlands and the DIG 
comprised Dr Richard Kellagher of HR Wallingford, Dr Khurshid Ahmad of the University of Surrey 
and the author, in the role of knowledge engineer. Both Professor Price and Dr Kellagher have a 
wealth of experience in the planning and analysis of systems for urban drainage and wastewater 
management, while Dr Ahmad has been involved in the application of AI to the UK water industry for 
over ten years. The discussion covered the planning and analysis processes in a broad sense, and went 
over in detail issues of modelling and the use of computational models as tools in the planning of 
systems of infrastructure for the management of wastewater and the protection of the aquatic 
environment, uncertainty in the use of these tools, the conceptualisation of urban areas and the 
identification of the key stakeholders. The discussion was recorded using a video camera, and 
subsequently transcribed using a word processor in order to create machine-readable data (the resulting 
transcript is attached in Appendix I). The analysis subsequently carried out upon this data is described 
in section 5.
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Questions
Given the task of determining the most appropriate solution to an urban drainage/pollution problem, how do you 
conceptualise an urban area?
Who are the main stakeholders? What are their roles and how do they co-operate?
What are the key issues for reducing a city’s impact on receiving waters? What are the appropriate pieces of UK and EC
Where might you find out about the size, growth and historical development of a city, and about its main activities?
What are the fundamental differences between coastal and inland cities?
How does one deal with combined sewers as opposed to separate systems?
What iue the main environmental impacts of urban drainage systems? How are these quantified? Are there guidelines 
available for their determination?
What kinds of risk analysis are appropriate? Economic? Environmental?
How are the benefits of an improved service measured/factored into an investment appraisal? How are tariffs set?
How do you ensure the chosen technology is appropriate?
What happens when there are several solutions available?
Figure 2. A set of questions which form the basis of a focused interview
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5 AUTOMATED KNOWLEDGE ACQUISITION
The transcript resulting from the knowledge acquisition session described in the preceding section (see 
Appendix I) was subsequently analysed using a software application developed by the AI Research 
Group at the University of Surrey. System Quirk enables the rapid analysis of machine-readable texts 
and combines several different types of analysis. In this case, the first task carried out was the analysis 
of the frequency of occurrence of words within the transcript in order to try and pick out terms used by 
the experts specific to the domain of ‘urban drainage and wastewater management’. By comparing the 
frequency of terms within the text with that in general language corpora, a statistical approach to text 
analysis is taken, whereby the ‘weirdness’ of these terms is taken to represent the likelihood of them 
being domain specific.
Some analysis has also been carried out upon documents mentioned by the DIG during the course of 
the discussion. In this case, the pieces of legislation cited as relevant to the case study described by Dr 
Kellagher and therefore to the majority of urban pollution problems were analysed, and in addition, the 
minutes of the local authority’s consideration of the planning application made by the utility concerned 
for various facets of the same case study were also examined. The results of these analyses are set out 
in Appendices II and m  respectively. Table 1 below, however, lists the 10 ‘weirdest’ terms used in 
each of the texts, together with their frequencies of occurrence. As is apparent, all but one of the terms 
shown are ‘infinitely weird’. That is, they do not occur at all in general language corpora and can 
therefore be considered to be domain specific terms, used by the experts in urban drainage and 
wastewater management. It is important to note that these terms have not been selected subjectively, 
but purely by virtue of their frequency of occurrence. As such, the process of term extraction has been 
automated. The example demonstrates how relatively simple text analysis can significantly increase 
the ease of the process of knowledge acquisition, as well as removing reductive bias from the process.
Transcript (10 017 words) Legislation (17 108 words) Minutes (6 246 words)
Term Weird­
ness
Frequ­
ency
Term Weird
-ness
Frequ­
ency
Term Weird
-ness
Frequ
-ency
CSO Inf! 8 derogations Inf! 10 routeing Inf! 4
RTC Inf! 8 eutrophication Inf! 8 bund Inf! 4
wastewater Inf! 6 spectrophotometry Inf! 5 catchments Inf! 3
UPM Inf! 6 eutrophic Inf! 5 SWS Inf! 3
OFWAT Inf! 5 annexes Inf! 5 stormwater Inf! 3
stakeholders Inf! 4 freshwaters Inf! 4 hantsweb Inf! 3
drawdown Inf! 4 subparagraph Inf! 3 wastewater Inf! 2
conceptualise Inf! 3 biodegradable Inf! 3 digesters Inf! 2
floodings Inf! 2 manures Inf! 3 splays Inf! 2
outfalls Inf! 2 biogeographical Inf! 3 sludge 5496 40
Table 1. The weirdest terms in each of the texts analysed
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If we consider some of the most frequent terms in the interview transcript, and look for their definitions 
within accompanying glossaries or domain specific texts, we can discover that CSO stands for 
combined sewer overflow, RTC for real time control and UPM for urban pollution management. All 
are acronyms representing objects which mean little to people outside of the domain of urban drainage 
and wastewater management, but which are widely used within that domain. Klein and Methlie’s
(1995) process of conceptual analysis includes the identification of natural concepts of the domain, 
achieved by matching terms of the protocol with theoretical concepts of the domain. These processes 
could be said to be equivalent.
5.1 THE SEARCH FOR RULES
Having identified some domain specific terminology, further analysis was carried out upon the interview 
transcript. We chose to investigate the relationships between the terms identified, exploiting the notion of 
lexical semantic relations. Ahmad (1991) states that knowledge is encoded by terms and the relations 
between them and has identified a set of linguistic relations through which knowledge can be decoded 
(examples being antonym, process, rule, synonym and variant) and for each has set out a number of 
linguistic cues which might replace them in a text or discourse. Lexica have been developed accordingly. 
To provide an example, a range of lexical semantics, words and phrases might be used to encode heuristic 
rules, and these are set out in Table 2.
affect as a rule as long as assuming
because customarily due to effect of
generally hypothesis if if  then
in general ordinarily precondition premise
provided proviso reason regularly
rule of thumb seldom so that to ensure
typically unless usually when
Table 2. Examples of semantic cues for locating rules in text from Ahmad (1991)
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According to the theory, if we search an archive for the occurrence of the words if and then in 
reasonably close proximity, we may be able to discover heuristics or rules of thumb. In the case of the 
interview transcript, a collocation search on if  ..then produced fifteen matches. A couple of examples 
of the types of propositions found are provided below, and the last of these obviously contains the basis 
of a production rule formed around one of the domain specific terms identified above.
1_43 There may be some equivalent hydraulic things, like if you are 
trying to trap peaks for instance, the shape of a storm is unique 
each time it rains, and therefore if you want to plot peaks of some 
kind then the volumetric aspect of flows above a certain flow rate 
might be more difficult to be sure about.
1_47 I believe that using STORMPAC with SIMPOL for 600 runs, which 
uses a lot of data, is not using real data, you are having to make 
all sorts of assumptions about river flows as well as your sewer 
system so I think there is a need to use what information you have,
in other words if you only understand a river to a certain level, it
is better to take a fairly conservative view of the river state, 
rather than to take an assumed standard deviation on flowrates, water 
quality parameters and then to wind the handle with Monte Carlo a 
thousand times, because your basic assumptions underneath the Monte 
Carlo may be absolute rubbish.
1_107 If you had a town which was immediately downstream of another 
town, if it was a hundred miles, you would assume, or you might be
able to say, or be able to prove that the river had actually
recovered to a certain state, and therefore you could assume a 
boundary condition at the upstream end of that town to be normally 
true, to be able to treat them as separate towns, and if they are ten 
miles apart then of course you could not treat them as separate 
towns, they are just one town.
1_142 In a sense, if you have more CSO's then you can probably reduce 
the frequency of flooding, where as if you have less CSO's, you get 
better control.
Figure 3. An extract from the results of an if.. .then collocation search
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To further illustrate how the semantic cues in Table 2 can be used, a search on the word ‘because’ was 
carried out. This returned 46 sentences with potential heuristics enclosed. A couple of examples were;
1_45 I was just wondering how you as an engineer deal with 
uncertainty because traditionally engineers have tended to use models 
as though their description of the performance in terms of the 
duration, the volume are all fixed quantities and in fact although 
the model may be deterministic in the sense that it predicts these 
values, the uncertainty associated with those values has been very
1_73 The tendency in the past to build a model which is suited to 
the task in hand I think should now be changed so that the model is 
built for a general operations use as well as for design use, for 
that whole catchment, because you are wasting time in the future if 
you do not do that.
1_180 Ageing is a serious problem, partly because it rebounds back on 
investments.
Figure 4. The results of a search on the semantic cue, ‘because’
A further search on the word ‘usually’ returned a number of sentences, amongst them the following:
1_73 The run-off behaviour in the urban environment, I think is 
fairly easy to duplicate, in as much as paved run-off, give or take 
few percent, is usually the same.
1_127 In terms of pollution impact, we are usually talking about 
streams through the urban area or adjacent to the urban area.
Figure 5. The results of a search on the semantic cue, ‘usually’
The fact that these sentences were extracted automatically from the transcript shows that it is possible 
to speed up and to remove at least some of the subjectivity from the process of knowledge engineering. 
Of course, the extraction of rules which can be represented and subsequently coded into a computer 
based system requires a further degree of interpretation, and this is something which will be a feature 
of the work in the future.
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5.2 THE CONCEPTUALISATION OF URBAN AREAS
To complement the analysis described, which was primarily concerned with looking for a catalogue of 
concepts, relations, facts and principles that make up a domain, or conceptual analysis. Professor Price 
and Dr Kellagher were asked to identify what they considered to be an urban area, the key concepts in 
urban drainage, and the key stakeholders. The results, as they were added to a flipchart, are shown in 
Figure 6  below. No attempt has been made as yet to formalise these statements but it is clear that even 
relatively clear cut questions such as these offer not only consensus but also potential for disagreement, 
even amongst two experts with reasonably similar backgrounds and worldviews. It is clear that 
consideration needs to be given to how to achieve consensual knowledge and this will be discussed in 
section 8 .
tet&OH ancA iA deputedêif...
•  n&e exte*tt 9^  <t pAucd Atea (“RieÂA'ut ’KeUA i^m)
•  cxtcfX 0^  t&e £4tptAS^ Meime ^  eaUeeUoK OKct wAStmAien, ’K cU c^^)
•  etfiAivsatic cA ie^ att meA, loAicA ruA^  UtdetcU ôôtA HAiccud €tHd Aitc^ ceiAt cAahhcU  ^  t/ce eoiteetioA etowtatAicn. Attd
MAiimAtm. Attd AcAtf eocH ittdudc waaI  aacaa. (^ oéAttd “P tiee)
AAfiectA 0^  un&AH tOiAittA^ . (acea>idütf t» ^ieÂAtd TCxfiA i^m)
•  Atid weAKA (9 fitcwAt {foAdût^ , wAieA iHdtadc fiific AtonA ,^ kaI (cAte eoid^  on. Aotctec tOAinol
•  ^AAtâùted Aaocn oaen^ CotoA (cAfieeiAUUf tociA ne^nd to fio(iMtioK)
• D^ewiofrAteKt AtonA^
7 (/^  AcnacecA docA een^ Att dnAûtA  ^finowdel (aeaondiA  ^to “^ otottd Pnice)
1. SaAe«Ati*t^  execAA nAûtl^ -wasol^ .
2. SoAWttiiK^ utA c^iuAten. Aouaca^ , ütduA^. fitd lic Ai^ uÀteA etc.
%  iAtfiontAAt OLAfieetA 0^  (cdAH dnAùtA^ Ane tA cn e^ ...
•  ploodiH^
•  PoUectioA 0^  ÔAiAUt^  toAtenA Attd ey/eeiA ok yAÂléiotA
•  ^AfiÜAt iKOCAiAtCKt
•  Scaten coUAfrie
pA ^  3
Figure 6. The results of an exercise carried out to investigate the concept of an urban area and its stakeholders
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AiaÂcAotdenA <vcc ;. > (aceonditt^  to P^kAandiXdtAC^Am)
•
•  76 : d,06ed f^ utAonCtif
•  7&  eontAtetHUtf Acnued — dotucAtic, coAuneneUd, UtdMAtniAl
•  7 6 ; toAtcn eoAtfiAHtf — ofi&udtottA, deAi^ , aeeoMtttAtdA
P a^  4
etaécAoidmA ane, . .  (aecondUt^  to T^ oiotteC Pwee)
'JÎAtioKoi Uiteneats — eotutùi^ , ^ouewAtcttt 
lUn&AK eoAttmtUttf — votiti^
Tddott odtmKc^nattoM — (oced ^ououtAtettt
|lteSjB i^||f|M|||i|B |||||i|||i|||| | ||||f |||||| |||W^ 
ptdU e Aenuiwi. — AoAfiiialA, yney^AiUt^
TiiUittf COAtflAtUf
SMWUKAteHt — {/UAut^  toèêif, UAtd^ AtiOK
Figure 6 (cont.). The results of an exercise carried out to investigate the concept of an urban area and its stakeholders
5.3 THE BENEFITS OF AUTOMATION
The exercise described in the preceding section and the use of System Quirk to found a termbank for 
the domain of urban drainage and wastewater management have contributed to a conceptual analysis of 
this domain, while the theory of lexical semantics has been exploited to provide a collection of 
sentences which offer potential ‘propositions’ for a paper knowledge base. As is described in Griffin
(1996), three types of proposition can be produced at this stage. Facts such as, ‘the value of A is B’ 
can be extracted. Second, pseudo production-rules can be elicited provided a sentence can be 
structured in an if...then format. Thirdly, task descriptions can be extracted. These might take the 
form, ‘to do X we must first carry out both Y and Z’.
An example of how a production rule might be derived follows. The sentence, "In a sense, i f  you have 
more CSO’s then you can probably reduce the frequency offloading, where as i f  you have less CSO’s, 
you get better control ’’ extracted from the transcript and detailed in Figure 3 might reasonably be 
represented by;
If CSO’s are increased
then flooding frequency is reduced
and control is reduced.
Thus, once the knowledge acquisition process has been automated in the way described, the main task 
for a knowledge engineer is to modify those sentences extracted to fit a mediating representation of this
13
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type, better defined as a structured form of natural language enforcing a syntax on natural language to 
bring some consistency to a paper knowledge base. No attempt has been made by the author as yet to 
build a comprehensive knowledge base, but it is felt that the methodology described offers a sound 
basis for the acquisition of the necessary knowledge and its ongoing analysis, representation and use in 
decision making.
5.4 THE ROLE OF THE SHADOW EXPERT
Further verification and validation of the knowledge expressed in the exercise described in the 
preceding sections was achieved through using what Griffin (1996) has referred to as a shadow expert. 
A third expert in the domain of urban drainage and wastewater management, Nicholas Odd of HR 
Wallingford, watched the video of the interview described, and was invited to make comment at any 
juncture; where he felt the opinions expressed were incorrect, where he knew of special cases or 
exceptions to the rules being proposed, or where he felt he could clarify any information. These 
comments were also recorded and transcribed, and are attached in Appendix IV.
An example of the kind of comment made by the shadow expert is given below in Figure 7. The 
comment was made in relation to the discussion of a scheme recently implemented in the Isle of Wight, 
in which the benefits and reasons for the aggregation of all wastewater flows to a single treatment plant 
were discussed.
1_73 Richard, here, was referring in fact to spills that you get from 
the other areas so if when you do this, if it's a mixed system, you 
can get spills, even if you collect most of the sewage and discharge 
it to one point, then the spills in fact are local, still local.
Figure 7. An extract from the transcript of the comments made by the shadow expert, discovered using an if .. .then search
The shadow expert pointed out the fact that in a mixed or combined sewerage system, despite the fact 
that normal flows are treated centrally, extreme wet weather events lead to spills from CSO’s which 
occur locally. This proposition could legitimately be added to the knowledge base, providing an 
example of where caution ought to be employed in designing systems to aggregate wastewater flows, 
as is prevalent in current practice.
It has become apparent to the author that this methodology is a very effective way to tap into a rich 
source of undocumented knowledge in the domain of concern. If one looks carefully at the data, it is 
apparent that from less than 15 minutes of recorded discussion (comprising 2000 words), a shadow 
expert can be prompted to provide a wealth of further information, in this case a further 4000 words. It 
is intended that this prompting by video be exploited in future knowledge acquisition sessions.
Without further analysis it is not possible to provide a conceptual structure to the domain of urban 
drainage and wastewater management, but these two sections of the report describe a preliminary step
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in the knowledge acquisition process. This report is intended to demonstrate how the undocumented 
knowledge which is hypothesised to be so important in the planning of systems of urban infrastructure 
for the management of wastewater and for the protection of the aquatic environment can be efficiently 
collected. Subsequent work will show how this elicited knowledge can subsequently be represented 
and utilised in computer based systems.
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6 FURTHER DEVELOPMENT OF A PROTOTYPE HYDROINFORMATIC SYSTEM
As is described in the preceding progress report (see Miles, 1998) a prototype decision support system has 
been produced, using as its basis a checklist of appropriate factors to consider for the selection of 
appropriate wastewater management strategies published by Parr and Horan (1996). According to them, 
the advantage of using a checklist is that all relevant issues are addressed and planned in a coherent 
manner, while remaining non-prescriptive such that a questioning mode of project development is 
facilitated. The checklist approach is advocated ahead of decision matrices, flowcharts and other 
alternative decision making aids and is also favoured by many others including the European 
Commission.
A set of guidelines for water resources development projects produced by the European Commission
(1998) was compared with the checklist presented by Parr and Horan (1996) in a critique included in the 
aforementioned progress report. It was concluded that of two methodologies, the EC guidelines offer the 
broadest scope and the most comprehensive coverage and will best serve to encourage integrated and 
holistic planning.
As alluded to in section 5.3 of the aforementioned report, the author agreed to adapt these guidelines for 
publication on the internet, and the resulting system is soon to be situated on the Europa website at 
www.europa.com. The work provided the author with a valuable experience of HTML authoring and in 
return for the development work the EC have agreed that the guidelines can be used as the basis of a 
prototype decision support system. As such, the system is soon to be mounted on the author's website in 
place of the Parr and Horan (1994) derived system described.
The web version of the guidelines has distinct advantages over the book. A user can intuitively move 
through the guidelines to find the section they feel is most relevant to their own needs, and can use either 
the project cycle management (PCM) methodology favoured in EC projects, or can adopt a project 
specific ‘focus-area’ led approach. The holistic approach advocated throughout the guidelines is 
maintained since at all times the user is aware of which section of the guidelines they are referring to, with 
the help of a menu bar viewed in the left hand fi-ame of the browser and tabs attached to the page 
displayed in the right hand firame (see Figure 8).
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Figure 8. A typical view of the EC Guidelines for water resources development co-operation. The menu bar to the left indicates that 
the user is viewing Part 11 of the Guidelines, while the tabs on the page to the right indicate that they are looking at the checklist 
corresponding to the Formulation phase of the project cycle for Municipal Water and Wastewater Services (MWWS) projects.
Besides the intuitive hyperlinking described, links are provided to a glossary of terms, an annotated 
bibliography and to a compendium of tools for the assistance of the user, including descriptions of 
particular assessment methodologies and references to other documents (see Figure 9). It is intended to 
extend the capability of the web based guidelines by providing access to other software tools and 
applications, by providing access to external internet resources and most importantly, by substantiating 
the information in the guidelines with experiential knowledge, using the approach described in the 
following section.
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Figure 9. A glossary of key concepts is available to the user of the guidelines at any time. Links are provided from domain specific 
terms within the text or from the menu bar in the left hand frame. The glossary is viewed in a separate window, which can be viewed 
and then closed down without affecting the user’s position within the guidelines
18
Appendix C5: EngD in Environmental Technology 30 Month Report
7 KNOWLEDGE REPRESENTATION FOR THE SUPPORT OF DECISION MAKING
The EC Guidelines described in the preceding section are necessarily generic and could be said to offer a 
level of guidance somewhere midway between that of guiding principle and what might be described as 
practical. It is hypothesised that the knowledge necessary to provide the latter is not documented but is 
held by experienced practitioners. Nevertheless, it is proposed that it is possible to acquire this 
knowledge and to present it to the users of the guidelines, using the techniques described in sections 4 and 
5. With the intention of substantiating the knowledge inherent in the EC Guidelines, a series of 
knowledge acquisition interviews have been conducted, and these are detailed in Table 3 below.
Date Interviewee Objective Key Results
02/02/.99 Professor Roland Price, 
Department of Hydroinformatics, 
IHE, Delft
Dr Richard Kellagher, Urban 
Drainage Group, HR Wallingford
For the experts to discuss urban 
drainage and wastewater 
management systems, the use of 
models as tools in the planning and 
analysis of these systems, and the 
uncertainties involved
-The foundations of a termbank for the 
domain of urban drainage and 
wastewater management was derived 
from the transcript of the discourse 
-The key objects from which an urban is 
comprised were identified 
-The key stakeholders in an urban 
drainage or wastewater management 
project were identified
19/02/99 Dr Peter Kolsky, Senior Lecturer, 
Department of Tropical 
Epidemiology, London School of 
Hygiene and Tropical Medicine
To elicit an alternative view of the 
wastewater management process 
from a sanitation and public health 
point of view in order to substantiate 
the EC Guidelines
-The inappropriateness of the traditional 
engineering view of wastewater 
management was discussed 
-The role of stakeholder involvement and 
the importance of demand led planning 
were emphasised
25/02/99 Nicholas Odd, Manager of Water 
and Industry Group, HR 
Wallingford
To demonstrate how a shadow 
expert can verify and validate the 
opinions expressed by the experts
-The shadow expert was able to provide 
several examples of where the opinions 
expressed might differ under certain 
circumstances, and was able to clarify 
certain points
02/03/99 Professor Maksimovic, Urban 
Water Research Group, 
Environmental Water Resources 
Engineering, Imperial College
To elicit a critical view of the 
approach advocated in the EC 
Guidelines
-The importance of the concept of 
sustainability was emphasised and the 
ways in which it might become 
embodied in decision maWng practice 
were discussed
04/03/99 Mr Ray Caine, Senior Design 
Manager, Southern Water Services
To investigate the decision making 
processes used by a major UK 
utility company
-The decision making processes which 
determined the nature of the scheme 
being implemented in Portsmouth and 
Havant discussed by Professor Price and 
Dr Kellagher were detailed
08/03/99 Professor Richard Franceys, Sector 
and Utility Management, 
Department of Sanitary and 
Environmental Engineering, IHE, 
Delft
To elicit a critical view of the EC 
Guidelines with a focus on the 
community management of 
infrastructure
-The inappropriateness of the traditional 
engineering approach from a public 
health point of view was again identified 
-The importance of a demand led 
approach to achieve sustainability was 
emphasised
08/03/99 Ir Bert van Diujl, Pollution 
Control, Department of Sanitary 
and Environmental Engineering, 
IHE, Delft
To elicit a critical view of the EC 
Guidelines from the perspective of a 
Dutch practising engineer
-Circumstances unique to the 
Netherlands were identified 
-Financing and collection of payments 
was discussed
Table 3. Knowledge acquisition interviews conducted (continued over)
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09/03/99 Mr Abebe Andualem, IHE, Delft To elicit a critical view of the EC 
Guidelines from the perspective of a 
Ethiopian practising engineer
-Circumstances unique to Ethiopia were 
identified
-The use of indigenous knowledge was a 
focus
09/03/99 Mrs Petranella Ogut, IHE, Delft To elicit a critical view of the EC 
Guidelines from the perspective of a 
Kenyan practising engineer
-Circumstances unique to Kenya were 
identified
-In particular, the advanced state of 
stakeholder participation in Kenyan 
practice was discussed
09/03/99 Mr Maxwell Dixon, IHE, Delft To elicit a critical view of the EC 
Guidelines from the perspective of a 
Zimbabwean practising engineer
-Circumstances unique to Zimbabwe 
were identified
-The use of geographical information 
systems was a focus
09/03/99 Mr Amr El Safty, IHE, Delft To elicit a critical view of the EC 
Guidelines from the perspective of a 
Egyptian practising engineer
-Circumstances unique to Egypt were 
identified
-The relationships and communication 
between stakeholders and especially 
government bodies was discussed
Table 3 (cont.). Knowledge acquisition interviews conducted
The interviewees were asked questions from a group of thirty or so derived from the EC (1998) guidelines 
described in section 6 (see Appendix V). The line of questioning employed was intended to encourage 
the interviewees to provide clarification of certain terms, descriptions of methodologies, or to discuss their 
own experiences. It was intended to capture knowledge specific to the interviewees’ own experiences 
which might be able to offer a more practical level of guidance to a user of the EC Guidelines. Only one 
of the interviews has thus far been transcribed, and an example of this type of experiential knowledge, 
extracted from this interview with Mrs Petranella Ogut is detailed below in Figure 10. Mrs Ogut has been 
employed by the Kenyan government for several years, in the department responsible for water resources 
planning, and is currently taking time out to study for an MSc at the International Institute for Hydraulics 
and Environment in Delft.
216 LAM: How do you best go about finding that kind of thing
{indigenous knowledge} out? Is it someone's job to go and speak to 
people in the community or would you rely on community leaders to 
tell you that kind of thing? As an implementing agency.
220 PO: OK, community leaders would be good but, for example, you can 
give a questionnaire because if you rely on information from one 
person, let's say the community leader, it's likely that that 
information will be biased, because you can just play things to suit 
you. So I think the best thing would be, to be democratic, give out 
a questionnaire. OK, let the community leader (hands over sheet of 
paper} You can give it to him, let him distribute or you can also 
take... You are the agency. With their community leaders, have the 
questionnaires distributed, tell these people, "OK, this is what you 
want, because of this, this and that." And then get the answers, and 
from that answer, make your own fair judgement.
237 LAM: OK, my next question is, "What specific actions are used to 
ensure full participation by the community to express local needs?" 
This might be one, sending out a questionnaire, but can you think of 
any others such as discussion groups or public meetings?
Figure 10. An extract from the transcript of an interview with an experienced practitioner (continued over)
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239 PO: Yes, for example, in our country {Kenya} we have barasas,
it's just... Barasa is a Kasweli word for meetings, yes, where the 
chief of that area, every week they call meetings to discuss various 
issues. That's the best way you can do it, but also, OK like, maybe
going to the market centres and asking people questions could still
be a way, but the most effective is calling for those meetings. Or 
when there are some public rallies, maybe when they feel that some 
big politician is around, that could also be a good opportunity, 
because if they believe that politician is very influential then that
would be a time to also get out and get information.
256 LAM: Is it acceptable for you as a public body to go and
introduce a subject at the barasas that you've discussed? That would
be OK for you to go in and say, "Would you mind if we spoke about 
this this week?"
2 61 PO: OK, as a public body it's different because you have to
follow some channels. You see, like, in my organisation, if we have
to do anything, then we have directions from the top management. So
we follow instructions and if there's such a development it would
first of all have to come from our head office. This is what the
head office wants. And we say, "OK, fine, how can we go about it?".
They say, "OK, fine, this is the community involved. But you see, OK 
now, the community involved. If we have to address this issue, we 
still have to go through the administration, you see, because we are 
dealing with water. But there's also the administration. So there 
are also these administrative boundaries. Maybe you have to talk to 
the district commissioner or provincial commissioner and tell them, 
"This is what you intend to do." So that it's fair that they too 
know that this is what is happening, rather than... Just imagine if 
something appears in the news, and maybe your boss doesn't know they 
will just...{laughter}. But it's important.
Figure 10 (cont.). An extract from the transcript of an interview with an experienced practitioner
As the preceding extract suggests, a focus of the discussions in all of the interviews conducted was the 
issue of how institutions take account of stakeholders. To summarise briefly, the proposed DSS is aimed 
at those charged with planning and managing urban infrastructure for wastewater management, namely 
urban governments or similar institutions. For sustainability to be achieved there is widespread consensus 
that the inclusion of stakeholders ought to be a target. The key measures necessary for the successful 
implementation of the concept of sustainable development within the context of human settlements are 
outlined in UNCHS’ (1995) Resolution 15/11. The very first recommendation made is the 
decentralisation of decision making and the creation of an enabling environment to support the initiatives 
of local authorities and community organisations. Given this trend, an objective of the interviews carried 
out thus far has been to discover how stakeholders are involved in the decision making process at present 
and how the interviewees thought they might best become involved.
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8. FUTURE WORK: KNOWLEDGE ACQUISITION FOR DYNAMIC
HYDROINFORMATIC SYSTEMS
The extract from the interview with Mrs Petranella Ogut presented in the previous section highlights the 
fact that various experts of different cultural, academic and professional backgrounds are all able to 
provide their own ‘exceptions to the rule’, for want of a better phrase. It is not practical to try and 
catalogue all of these exceptions to build a comprehensive knowledge base for sustainable wastewater 
management applicable to all situations and all locations, and it is quite clear that the more experienced 
practitioners are interviewed the more diverse the gathered knowledge will become, to the point where it 
will be impossible to see a consensus of opinion and the tool will only confuse rather than aid the user. 
This is a problem we have to contend with since, as the statement from Price (1994) at the start of this 
report highlighted, hydroinformatic systems need to be dynamic and able to be modified by the user. As 
Abbott (1994) identifies, the users of hydroinformatic systems are heterogeneous collections of 
individuals and groups. With this in mind, it is hoped that a case study will be carried out later this year, 
which should enable the acquisition of knowledge from virtually all of the stakeholders, or at least their 
representatives, within a given city. It is hoped that this will demonstrate the value of the acquisition of 
experiential knowledge and its subsequent representation within hydroinformatic systems to aid in the 
decision making process. In the meantime, greater consideration will be given to auditing, validating and 
making transparent the source of any knowledge being added to such a dynamic knowledge base, and to 
how collaborative decision making can be encouraged amongst users of such systems and consensus 
achieved. A possible solution is presented in the following section.
8.1 THE DISTRIBUTED DOMAIN INTERFACE GROUP
As was stated previously, Griffin (1996) chooses to employ a social-constructionist metaphor, which 
assumes that human experts construct knowledge not only from their own personal experiences, but also 
from simultaneously interacting with their social constituencies. The domain interface group (DIG) is 
employed to verify and validate this socially constructed expertise and to ensure a more accurate model of 
the domain. It might reasonably be assumed from this that a larger DIG drawn from a wider field will 
lead to a more representative knowledge base.
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The main argument against increasing the size of the DIG has been the practicality of involving a large 
number of experts in the knowledge acquisition process. However, the prototype system developed by 
the author, which will in the coming months be furnished with this knowledge acquired from the 
interviews described, is mounted on the internet. This means that millions of people worldwide can 
inspect the acquired knowledge as it is represented in the prototype system. Obviously, not everyone is 
interested in urban wastewater management, but there are ways of notifying those who may be of the 
location of the acquired knowledge and thus of inviting them to inspect, verify, validate and/or augment a 
dynamic knowledge base of this type. We choose to refer to this set of people as the distributed domain 
interface group (DDIG). There are problems here with validation of knowledge submitted to the resource 
by members of the DDIG, with the problems of achieving consensus amongst a distributed group and 
with the inequality of access to the internet, and these are issues we will come to consider in the coming 
months. A detailed Gantt chart is set out in Appendix VI.
For now, it appears the acquisition of experiential knowledge from practitioners in the field of urban 
wastewater management, its inspection by a domain interface group, subsequent representation in a 
hydroinformatic system and its continued inspection and modification by a distributed domain interface 
group offers an architecture amenable to the dynamic hydroinformatic systems open to the worldviews of 
both their developers and their users, envisioned by Abbot and Price at the seminal Hydroinformatics 
conference held in Delft in 1994.
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1 INTRODUCTION
The progress detailed in this six month progress report follows directly from the preceding one, 
submitted on April 1®‘ 1999. There have been no significant deviations from the plan detailed in the 
Gantt chart in Appendix VI of that report. In the section entitled, “Future Work” it was stated that, “It 
is hoped that a case study will be carried out later this year which should enable the acquisition of 
knowledge from virtually all of the stakeholders, or at least their representatives, within a given city. It 
is hoped that this will demonstrate the value of the acquisition of experiential knowledge and its 
subsequent representation within hydroinformatic systems to aid in the decision making process.” In 
July of this year a visit was made to Kingston, Jamaica and interviews were conducted with 
representatives of practically all of those agencies involved in the sanitation and wastewater 
management process. This work is described in more detail in Section 3.
As was also planned, papers have been submitted to internationally recognised conferences and journals. 
Firstly, a paper was submitted to the Multiple Objective Decision Support Systems (MODSS’99) 
conference, and this was subsequently presented to an international audience of around 150 people in the 
first week of August. A second paper was submitted to the Journal of Decision Support Systems, on 
Knowledge Management. Presently, a paper is being prepared for submission to the Journal of 
Hydroinformatics. Once these have been reviewed and the necessary modifications have been made 
they will be included in the project portfolio.
2 APRIL, MAY AND JUNE: PAPER SUBMISSION, ANALYSIS AND CODING
The first half of April was taken up with writing a paper for submission to the MODSS’99 conference. 
This is attached in Appendix I. It was intended to spend the remainder of the month writing a paper for 
submission to the Journal of Hydroinformatics. However, since contributions in specific subjects had 
at that time not yet been invited, it was considered to be more appropriate to submit a paper to the 
Journal of Decision Support Systems, which was inviting contributions to a special issue on knowledge 
management.
Most of May and June was spent transcribing interviews, analysing the resultant transcripts and 
attaching these to a re-designed version of the decision support system described in the two preceding 
progress reports. The latter is now built upon a knowledge management paradigm and besides the 
checklist and the European Commission’s “Guidelines for sustainable water resources management”, it 
now also incorporates experiential knowledge derived from interviews with stakeholders and provision 
for those accessing the resource across the internet (including these stakeholders) to communicate.
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Besides this work on the distributed decision support system, further arrangements were made to 
conduct an overseas case study. Enquiries had been made to a number of cities as to the possibility of 
carrying out interviews with those involved in wastewater management, but the most positive response 
was received from Kingston, Jamaica.
Discussions were held with those at HR with experience in the Caribbean and Latin America to 
ascertain the kind of information that would be of most interest and thus the questions that would be 
most appropriate to ask. In particular, one of the authors of the aforementioned European Commission 
Guidelines from which it was intended to derive questions to be used in structured interviews was 
consulted. It was eventually arranged for a visit to Kingston to be made from the 11* to 25* July.
3 JULY: CASE STUDY IN KINGSTON
A dozen interviews were carried out with a variety of those involved in the sanitation and wastewater 
management process in Kingston, and these are detailed in Table 1 below. As is apparent, these people 
were from various government authorities, private companies, non-governmental organisations 
(NGO’s) and funding agencies.
Date Interviewee(s) Position
Monday 12* July • Jacqueline da Costa • Senior Advisor to the Prime Minister of 
Jamaica on Land Policy and Physical 
Development, Land Policy Unit, Office of the 
Prime Minister
Tuesday 13* July • Charles Green • Senior Design Engineer, National Housing 
Development Corporation Limited
Wednesday 14* July • Stephen Hodges • Former Head of the Construction Resources 
Development Centre, set up their Sanitation 
Support Unit and now co-ordinates Sanitation 
Task Force (All Non-Government 
Organisations)
Wednesday 14* July • Albert Gordon
• Deika Morrison
• Vernon Barrett
• Jacqueline Cameron
• Vice President, Corporate and Strategic 
Planning Department, National Water 
Commission, Jamaica
• Co-ordinator of Special Projects and 
Public/Private Sector Development, National 
Water Commission, Jamaica
• President, Corporate and Strategic Planning 
Department, National Water Commission, 
Jamaica
• Corporate Planning Manager, National Water 
Commission, Jamaica
Thursday 15* July • Everton Hunter • Managing Director of Carib Engineering 
Corporation Limited
Friday 16* July • Leonie Bamabie
• Diana Senior
• Senior Director of Environmental Protection 
and Control Division of the Ministry of 
Environment and Housing, Government of 
Jamaica
Junior Civil Engineer, Ministry of Environment 
and Housing, Government of Jamaica
Table 1. Knowledge acquisition interviews conducted in Kingston, Jamaica (continued over)
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Friday 16* July • Desmond Munroe • Senior Engineer, Environmental Control 
Division, Government of Jamaica
Friday 16* July • Learie Miller • Deputy Executive Director, Natural 
Resources Conservation Authority, 
Government of Jamaica
Tuesday 20* July • Peter Collins • Technical Expert on Water and Sanitation, 
European Commission (Jamaican Delegation)
Tuesday 20“* July • Cowell Lyn
• Garth Jackson
• President, Jamaican Institute of Engineers and 
United Nations Planning and Management of 
Heavily Contaminated Bays in the Wider 
Caribbean Project National Co-ordinator
• Head of Northern Jamaica Development 
Project, Planning Institute of Jamaica
Wednesday 2F‘ July • Chris Shaw
• Victor Morris
• Head of Technical Services, Urban 
Development Corporation
• Chief Engineer, Urban Development 
Corporation
Wednesday 2F* July • Basil Fernandez • Managing Director, Water Resources 
Authority, Jamaica
Table 1. Knowledge acquisition interviews conducted in Kingston, Jamaica (continued)
The interviews detailed in Table 1 were all recorded on audio tape for the purpose of carrying out analysis 
of the type described in the preceding progress report. They are currently being transcribed, and it is 
hoped that the subsequent analysis will reveal the important objects in the domain and the relationships 
between them so as to build up a model of the planning framework as it exists in Kingston. It is intended 
that the encapsulated knowledge be coded into a knowledge base to be presented to fellow decision 
makers and stakeholders, and that criticisms and suggestions for amendments be invited. In this way it is 
hoped to lay the foundations for a consensual knowledge base.
Besides enabling the collection of the opinions of those involved in managing Kingston’s wastewater and 
the protection of its aquatic environment, the time spent in Jamaica was encouraging because it indicated 
that a distributed knowledge based decision support system might be feasible in a city of Kingston’s type. 
The feedback obtained from the people with whom discussions were held was largely positive, and a 
report is soon to be submitted to the European Commission on the applicability of their “Guidelines for 
sustainable water resources management” to Jamaica. This will be attached to the project portfolio in due 
course.
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4 AUGUST AND SEPTEMBER; MODSS’99 AND ANALYSIS OF DATA
At the beginning of August, a paper on “Incorporating experiential knowledge into decision support 
systems” was presented to the 2"^  International Conference on Multiple Objective Decision Support 
Systems (MODSS) for Land and Natural Resources Management in Brisbane, The conference was 
attended mostly by practitioners involved in the management of natural resources and applying MODSS 
to their work and several contacts were made with researchers looking into the use of local knowledge in 
decision support systems. The experience helped the author to gain an understanding of the most 
successful applications of MODSS theory and to get an idea of the approaches that have succeeded and 
those that have failed. The lessons learnt will be borne in mind through the remainder of the project. In 
accordance with the Gantt chart submitted in the preceding progress report, the rest of August and 
September was spent following up the work carried out in Jamaica, transcribing interviews, analysing 
these interviews to build termbanks, and beginning to carry out more detailed semantic analysis in 
order to derive a paper knowledge base. This work will be completed over the following six months 
and reported in the next progress report.
5 FUTURE WORK
As has been stated, the authors are currently in the process of writing a lengthy paper to the Journal of 
Hydroinformatics. Once this has been submitted the focus will shift to the analysis of the interviews 
conducted over the past year and to the coding of the resultant paper knowledge base. A slightly 
revised Gantt chart is attached in Appendix II. It is hoped that the knowledge base referred to can be 
implemented in JESS, an expert system shell in which some work has already been done, and that this 
will be integrated into the existing system to form a distributed knowledge based decision support 
system. It is hoped to encourage stakeholders (including the interviewees) to inspect and suggest 
amendments to the knowledge base over the internet and the mechanisms for this will be developed 
over the coming months.
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1 INTRODUCTION
The last six months have largely been occupied by the writing and revision of two papers. The first of 
these, “Incorporating experiential knowledge into decision support systems” was submitted to the 
Journal of Decision Support Systems back in May 1999. Referees’ comments were received in 
October 1999 and the following three months were spent making substantial revisions to the paper. 
February and March were largely taken up with writing a second paper, “Decision making and the role 
of experiential knowledge: A case study” for submission to the Journal of Hydroinformatics.
Transcripts of the interviews conducted during the past year have been added to the ‘urban wastewater 
management corpus’. Some linguistic analysis of the corpus has been carried out. In addition, the 
interview transcripts have been returned to the interviewees for verification and the interviewees have 
been invited to contribute to an urban wastewater management ‘domain interface group’. Outside the 
scope of the research project, two EngD modules and the respective assignments have been completed, 
and the Expert Systems ’99 conference attended.
2 OCTOBER - JANUARY: PAPER TO ‘DECISION SUPPORT SYSTEMS’
The referees responsible for the Journal of Decision Support Systems special issue on “Knowledge 
management in support of decision making” provided their comments in October 1999. The Guest Editor 
suggested that the paper be revised to address the points made by the referees, and pointed out that then- 
central concern seemed to be one of positioning.
Substantial changes were made to the original manuscript to address the referees’ concerns. The 
relationship between hydroinformatic systems and decision support systems was explored, the use of 
decision support systems in environmental management reviewed and the role of knowledge acquisition 
explored. A methodology for knowledge acquisition was presented, and a prototype hydroinformatic 
system described. Once feedback upon the revised submission has been received the paper will be 
included in the project portfolio.
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3 FEBRUARY -  MARCH: PAPER TO ‘JOURNAL OF HYDROINFORMATICS’
A second paper on “Decision making and the role of experiential knowledge; A case study” is currently 
being prepared for submission to the Journal of Hydroinformatics. The process of writing the second 
paper began in September 1999 but was put on hold while the revisions to the first paper were being 
made. It was taken up again at the beginning of February and is due to be submitted early in April. 
Again, substantial changes have been made in light of reading carried out over the last few months. 
Once referees comments have been received and taken on board this document too will be incorporated 
into the project portfolio.
4 OTHER ACTIVITIES
Besides working on the two papers described, further progress was made on the transcription and 
analysis of the knowledge acquisition interviews conducted during 1999. The resulting interview 
transcripts were added to the urban wastewater management corpus, composed of ‘domain specific 
texts’ concerned with urban wastewater management. This corpus was analysed using System Quirk, a 
text analysis tool developed at the University of Surrey. The methodology used and the results 
obtained are set out in the paper to be submitted to the Journal of Hydroinformatics. Accordingly, 
these will soon be included in the project portfolio.
A module on “Talking to the Media” was studied in late October 1999 and the associated coursework 
submitted at the end of November. In mid-December the Expert Systems ’99 conference on 
‘Knowledge Based Systems and Knowledge Management’ at Peterhouse College, Cambridge was 
attended. During February, a distance-learning module on ‘Finance Management and Marketing’ was 
completed, and an assignment on the environmental implications of green marketing submitted at the 
end of February.
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5 FUTURE WORK
Analysis of the interview transcripts within our urban wastewater management corpus has shown that 
the extraction and elaboration of specialist terminology is of considerable value as a resource to inform 
the subsequent stages of the knowledge acquisition process. To the extent that ‘marked-up’ documents 
have been embellished with some information describing their content and the knowledge inherent to 
them, a collection of such hyper-linked documents can be considered a knowledge base (though not 
represented in the conventional sense in terms of production rules or frames that can be processed 
within an expert system shell). It is intended to investigate how the process of extracting, indexing and 
marking up texts might be partially automated. As was stated in the preceding report, it is hoped to 
encourage a ‘distributed domain interface group’ (composed of interviewees and other stakeholders) to 
inspect and suggest amendments to such a knowledge base across the internet.
